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THE EFFECT OF VIBRATION ON THE STRENGTH AND 
UNIFORMITY OF PAVEMENT CONCRETE 





BY THE DIVISION OF TESTS, BUREAU OF PUBLIC ROADS 


Reported by F. H. JACKSON, Senior Engineer of Tests, and W. F. KELLERMANN, Associate Materials Engineer 


N THIS INVESTIGATION the effects of surface vi- 
bration on pavement concrete were measured by 
comparing the strength and other properties of 

vibrated concrete with similar properties of a standard- 

finished base mix containing 6 sacks of cement per cubic 

y: ard of concrete and sufficient water to produce a slump 
of 2 inches. Two types of coarse aggregates—a typical 
river gravel and a typical limestone and several forms 
of surface vibrating equipment were used, including vi- 
brating screeds and vibrat- 


These tests indicated that vibration caused sufficient 
improvement in quality to warrant further studies in 
which improved types of vibratory equipment could be 
utilized. The present report discusses the results of 
these further tests, draws certain conclusions, and makes 
suggestions regarding the revision of current specifica- 
tions so as to make it possible to utilize to the best ad- 
vantage the equipment now available. The data also 
reveal some of the deficiencies in the present methods 
of distributing concrete to 





ing pans resting directly | 
on the concrete. 

In the vibrated concrete 
the proportions of the base 
mix were varied for the 
purpose of determining: 

1) The saving in cost that 
might be possible through 
a reduction in cement con- 
tent while maintaining the 
water-cement ratio con- | 
stant; and (2) the improve- 
ment in quality that could . vibrati 
be effected by reducing the | at i Fig sore 
water-cement ratio while | 

maintaining the cement | 
content constant. | 

The possibility of using | 
high frequency vibration as 
an aid in placing pavement | 


3 . - “ —— } edly improved by surface vibration. 
Pil F sR ‘4 a rv | 5. The effect of surface vibration on strength 
LDiie oOuads ost. j 


The equipment used at | 
that time consisted of a 
Standard, double-screed 
finishing machine, with two 

ric vibrators mounted 
on tie front screed and one 


CONCLUSIONS DRAWN FROM TEST 
RESULTS 


hg data from these tests indicate that: 

For a given water-cement ratio a saving 
of picid oh vit 10 percent in the amount of 
cement can be effected by the use of vibration | 
without sacrificing strength and uniformity. 

For a given cement content an increase 
in flexural and compressive strength of ap- 
| proximately 10 percent can be obtained by the 


3. With the methods of surface vibration in- 
vestigated the best results will be obtained 
with concrete having a consistency correspond- 
ing to a slump of approximately 1 inch. 

4. The uniformity of concrete having a 
| of approximately 1 inch (that is, freedom from 
segregation, honeycombed areas, etc.) is mark- 


and uniformity seems to be about the same for 

concrete containing gravel as coarse aggregate 

| as for concrete containing crushed stone. 

6. The vibrating screed and the vibrating pan 
PEE 2 ’ | mounted independently of the screeds seem to 

ele -ezage : 

be about equally effective in producing the re- 

sults enumerated in the above conclusions. 


the subgrade. Entirely 
apart from the question of 
vibration, the results indi- 
cate the great desirability 
of improvement in this 
regard. 

| Results of tests on 270 
| sections, each 8 feet long 
and 10 feet wide, are pre- 
sented and discussed in this 
report. These test sections 
formed the equivalent of a 
continuous pavement near- 
ly % mile long. In most 
cases the thickness was the 
same as that previously 
used (7inches). However, 
slabs 10 inches thick were 
cast in a few instances for 
purposes of comparison. 
The width was changed 
from the 9 feet previously 
used to 10 feet in order to 
permit taking 5 slabs each 
24 inches wide from each 
test section instead of 4 
slabs each 27 inches wide. 
Two coarse aggregates, a 
typical river cravel and a 
typical crushed stone, were 
used. Four different types 





slump 








| 
onthe rearscreed. An ex- | 
perimental concrete pave- | 
ment, 9 feet wide and ap- 
proximately 1,000 feet long, was constructed at 


Arlington, Va. This pavement consisted of a series of 
sections, each 9 feet long, with means provided for 
obtaining large-size test slabs from each section. It was 
felt that the true effect of this method of placing and 
finis\iing conerete pavements could only be dete ‘rmined 
by the construction of full-size sections, using regulation 
The results of these studies, 

including a full description of the procedure, have been 
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of vibrating equipment, 
including all of the types commercially available at the 
time, were investigated, using paving mixtures varying 
considerably in harshness and consistency. The con- 
struction, curing, and test procedures followed, in 
general, those previously employed and will not be 
described in detail, except where necessary to describe 
a change from previous practice. 
FOUR TYPES OF VIBRATING EQUIPMENT STUDIED 
A single lot of portland cement meeting the usual 
requirements was used throughout the work. The 
cement came from one bin and was all shipped at one 
time. The shipment was made under the supervision 
of an inspector representing the National Bureau of 
Standards. The fine aggregate was Potomac River 
sand having a fineness modulus of approximately 3.0. 
25 


FOR Con- 
SECTION. 


READY 
Test 


Forms IN PLACE AND SUBGRADE PREPARED, 
CRETE To Be DeEposirep For A 10-INCH 


The coarse aggregates were Potomac River gravel and 
a crushed stone from Riverton, Virginia. They were 
used in approximately equal amounts and were handled 
in two separated sizes, 2-inch to 1l-inch, and 1-inch to 
No. 4. The two sizes were combined in each batch in 
the proportion of 60 percent of the larger to 40 percent 
of the smaller size. The grading and physical charac- 
teristics of the aggregates are shown in table 1. 

The major portion of the work was confined to a study 
of two well-known mechanical finishing machines, 
equipped in each case to operate either with or without 
vibration. Machine A, used on 144 sections, was of the 
type studied in the 1931 tests, except that a wider and 
heavier front screed was used. The type of finisher 
represented by machine B, used on 106 sections, had 
not been equipped with a vibrating mechanism at the 
time the earlier tests were run. Two other devices 
submitted for demonstration purposes were used on the 
remaining 20 sections. A brief description of each 
machine follows. 


TABLE 1.—Properties of aggregates used in experimental concrete 
sections 





Coarse aggregate 





Fine = a 
iggre 
gate —e Crushed 
stone 
PHYSICAL PROPERTIES 
Bulk specific gravity.-.........-..- 2. 56 2. 57 2.76 | 
J ee : percent 1. 40 1.14 32 
Weight per cubic foot (dry-rodded) -_-- pounds 110 109 103 
Voids___.-- = oe percent 31 32 40 
Wear (Deval)- seiagiei sacemle omens 8.4 3.4 
SIEVE ANALYSES 
Retained on— 
144-inch sieve - -- : percent 25 18 
34-inch sieve _ -- do 64 71 
3¢-inch sieve : . do a 87 92 
No. 4 sieve.---- ssn : do 5 98 99 
No. 8 sieve......- aie ae do 22 100 lw 
No. 14 sieve_-_-...-. ae ; : do 34 100 100 
No. 28 sieve------ pentncacbahbion do.. 51 100 100 
Se na do 84 | 100 100 
err : . do 97 | 100 100 
Fineness modulus-_-_.........--- F 2.93} 7.74 7. 80 





Macbine A was a mechanical finishing machine 
equipped with two tilting screeds. Power for operating 
the screeds and for driving the machine was furnished 
by a gasoline engine mounted on the finisher. The 
regular front screed was replaced by an 18-inch bull- 
nose screed. ‘Two electric vibrators were mounted on 
the front screed and one on the rear screed. They were 
driven at a speed of 4,000 r. p. m. by a portable gas- 
electric generator set mounted on the finisher. The 
normal forward speed of the machine was 8 feet per 
minute. 
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APPEARANCE OF A 7-INCH TEST SECTION 
oF CoNcRETE HAs BEEN STRUCK OFF 
TION OF WOODEN SEPARATORS. 


AFTER First Batci 
AND AFTER INSTALLA- 


Except for the fact that the screeds were vibrated, 
this machine was operated in most cases in the usual 
way, that is, two complete passes over the concrete. 

Machine B was an all-electric mechanical finishing 
machine equipped with two screeds and a vibrating pan 
mounted between them. The vibrating pan was shaped 
like a trough and made contact with the concrete for 
practically the full width of the pavement. It was ad- 
justable so that it could be raised clear of the concrete 
or could be lowered into the concrete a predetermined 
depth. It was equipped with two electric vibrators of 
adjustable amplitude operating at 3,600 r. p.m. There 
were no vibrators on the screeds. Power for running 
the machine, operating the screeds, and running the 
vibrators was supplied by a gas-electric unit mounted 
on the finisher. 

The concrete was struck off approximately one-fourt} 
inch high by the front screed and compacted with the 
vibrator. The vibrating pan was submerged in the 
concrete to the extent that its lower edge was about 
one-fourth inch below the elevation of the top of the 
side forms. In most cases the vibrator was operated 
during the backward pass of the finisher as well as 
during the forward pass. By running the vibrator 
during the backward pass, a ridge of mortar was left at 
the beginning of the section which materially aided 1 
the finishing operations. The height above the forms 
to which the concrete was struck varied with the con- 
sistency and harshness of the mix. The objectiv 
sought was to have sufficient surplus concrete so that 
after vibrating, the surface wou!d be at grade. For th 
second and subsequent passes the machine was operate 
in the usual way without vibration. 

Machine C was not a regular finisbing machine bu! 
rather a single, hand-operated screed with two vibrator 
attached. It consisted of a 4-inch wooden piank |) 
inches wide, shod with sheet steel, and approximate! 
12 feet long. Handles were provided at both ends { 
manipulation. This device was vibrated at a frequent’ 
of 3,800 r. p. m. by means of a small gasoline engl’ 
attached to the screed. 

The concrete was leveled off about 2 inches high ® 
shovels and a pass made with the vibratory scree, th! 


screed being pushed ahead by finishing machine 4 
The vibrating screed was moved ahead and the pavé 


ment finished by machine A except that the bul -n0o 


front screed was replaced by the regular 12-inch s ‘reed 
The 12-inch screed weighed approximately 450 p un¢ 
less than the bull-nose screed with vibrators. 
Machine D consisted of a two-wheel steel ca rg 
to which was attached a steel trough 12 inches wit 
mounted at right angles to the axis of the pav. me! 


The trough could be lowered into the concrete : P* 
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cde 

of 

pa 

rey 
Th 
Was 
Th 
’ In \ 
§ dire 
§ the 

pas 
4 Tl 
® fourt 
© front 


; Vibrat l 
t pr s With rT 


3ULL-NOSE FRONT SCREED ON FINISHING 


ined depth in a manner similar to the operation 
vibrator on machine B. Vibrations were im- 
to the trough by means of a 31-inch steel tube 
ng at a speed of approximately 3,800 r.p.m. 
be was mounted eccentrically on a shaft which 
‘ached directly to the trough by suitable bearings. 
centricity of the tube could be varied, resulting 
ing amplitude of vibration. Power was supplied 
to the shaft from a gasoline engine mounted on 
riage through a V-belt drive. The machine 
tached to the rear of finishing machine A. 
concrete was struck off approximately three- 
inch high by machine A operating with a flat 
screed. This was followed by one pass with the 
ing pan, the general procedure being the same as 
iachine B except that in no case was the vibrator 


MaAcHINE A. 


| 


Upper, Front View; Lower, Rear View. 


operated on the backward pass. The final finish was 
obtained by making one or two passes with finishing 
machine A without vibration. 

Table 2 shows the order in which the vibrators were 
used as well as the procedure followed for each group 
of sections. It will be observed that only machine A 
was used in series A. Machines A and B were used 
in series B, and machines C and D were used in series C, 


SEVERAL DIFFERENT CONCRETE MIXES USED IN SLABS 


As in the previous tests, the effect of vibration was 
measured by comparing the strength and other proper- 
ties of the vibrated concrete with similar properties 
of a standard-finished paving mix having a cement 


| content of 6 sacks per cubic yard, and containing suffi- 








Upper, Front View; 
MouNTvING OF VIB! 


FINISHING MacHINE B. 
VIEW, SHOWING 


LOWER, SIp1 


ATING PAN 





FINISHING Macnine C—A Hanpb-OPERATED SCREED VIBRATED 
BY MEANS OF THE SMALL GASOLINE ENGINE SHOWN. 


cient water to give a slump of about 2% inches. In 
the following discussion this will be referred to as the 
standard or ‘‘base”’ mix. 

For the first 42 sections, constituting series A, the 
proportions of the base mix were designed to give a 
workability factor (6/b,) of approximately 0.76 (dry 
and rodded) for both gravel and stone. Corresponding 
values for the sand-cement ratios (a/c) by absolute 
volume were 2.10 for gravel and 2.53 for stone. This 
mix proved somewhat harsh for standard finishing, 
necessitating a slight increase in the amount of sand. 
The revised proportions for the base mix as used in 
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FINISHING MACHINE DID, SHOWING THE PAN VIBRATOR. 


series B and C called for a workability factor of 0.73 
with sand-cement ratios of 2.24 for gravel and 2.67 
for stone. (Explanations of symbols 6/b,, a/c, ete., 
are given in the footnote to table 3.) 





TABLE 2 T'ype and operation of vibrating equipment 
SERIES A—MACHINE A 
Figure nw Coarse 
>t ni jata are 3 wworegnte Operation of fini machine 
2 G ¢ Both screeds r ~ passe 
Front screed bra g;2pa 
D 
Ib 12 Bye b ree ~ J br y4 a t 
2 2 Ly 
2 t D 
2 2 i Lb 
SERIES B—MACHINE A 
. 6 ri > € Both screeds vibrating; 2 passe 
( ic { Do 
i Grave Do 
dk Ly 
6 S Do 
s. 6-1] G Do 
) i | > 
12, ime ive 1) 
20 x 6-9, inclusive d Do 
209-214... 6-12, inclusive do... Do 
215-2 : a do.... Front screed only vibrating; 21 
2 6-11, inclusive.._- do.. Both screeds vibrating; 2 passe 
227 ) 6-13, inclusive... Stone Do. 
233-238 Ses ee Front screed only vibrating; 2 passes 
239-244 f-11, inclusive... a ee Both screeds vibrating; 2 passe 
245-2 6-9, inclusive. — Do. 
SERIES B—MACHINE B 
71 Gravel Pan vibrating forward only; 1] 
77-3 Paen) 5 . do Do, 
R3-SS . do Do 
ce, OE TEEN Stone Do 
95-100 6-9, inclusive do Pan vibrating forward and b 
10 f do Gravel... Do. 
If 2 .-| 6-11, inclusive... do Do. 
1] eee Pe . eS ee . SEE do. 
120 Ds wes sewetll eee Do. 
127 ae —— ...do Do 
] S do ..do Do. 
139-144... 6-11, inclusive, 13 Stone Z Do. 
145 a ae do ‘ do Do. 
151-1 5¢ ..do Pan vibrating forward only 
157-162_....| 6-11, inclusive er Pan vibrating forward and |! 
163-169 > a oe a 0. 
170 do. do Do. 
SERIES C—MACHINES C AND D 
251-254. ....] 13 , Stone. Machine C, 1 pass. 
255-258 |. 13 es SS SS Do. 
259-264 _ . SE Ae a . ..| Machine D, 1 pass. 
265-270 13 ‘ ; : ae Do. 


Depth of section was 10 inches 
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TABLE 3.—-Data on mires ! TABLE 3 Data on mixes—Continued 
































Propor Ce Se Propor Ce- 
Sec- P 1 t t j | , 
tion Date laid) tions by Coarse | slump | W/( al bt M/\ sy tion | P te sald) tions | ( € Slump | W/¢ ah bibo | M/V ment 
: (1934 weight aggregate fac- 34 se A reregate ic- 
sas = tor . tor 
Sacks Sacks 
per per 
ul cubic 
Pounds Inches yard / Inches yard 
Ss June 26 | 94:165:371 | Gravel 2.9 | 0.68 | 2.10 | 0.4 2. 02 6.6 1-\ July 4: 200:34 ( 2| 0.73 | 2.67 | 0.73 | 1.92 6.0 
rS do 94:165:371 do l.¢ 62 | 2.10 if 1. 46 t 12—\ 4 é 9g | 2 7S 1.70 5.6 
3-\ do 94: 165:371 do 16 61 | 2.10 7 4 6.1 13-\ 4:200: 4 1.1 79 | 2.67 Kl 1.60 5. 4 
4-\ do 94:165:425 1o y & Hs 2? 10 sO 1. 7é f 4-\ 4° 2000°4 j 79 2 67 3 1.51 52 
5-\ lo 04:165:452 lo 1.8 68 | 2.10 S34 tit 4 ’ Au 4: 2 } { 84 2. ¢ 7 >) 8 
6-V do 44°165:480 d 6s 210 » 56 J i-Ss | 4: 200 } 74 9 67 723 1.92 £0 
7-S June 27 | 94:165:371 i 0 oS 2.10 i 2.02 6. ( 7-\ { 4 1:34 "4 | 2 67 ” 1.92 6.0 
R-S do 04: 165:371 do ; 832.10 rw 4 6.1 s-\ re 1:39 i 2 84 | 2.f 7 | ace 5.5 
-\ 1o 94:165:371 do i. @ aU 2.10 vi 1.44 6.1 w3-\ 1 4: 209:4 1 r 4 2. 67 sv) 1. 63 5.3 
-\ do 04:165:425 lo 2 os 2.10 m{ if t Ke 44:20:44 84 2.6% $2 1. 53 5. 2 
\ do 04:165:452 ce 21 Hs 2 10 s tit 4 \ 1 f 2.4 72 2. 24 ia 2. 22 6.0 
2-\ do 04: 1¢ sO) i Ss t «. 10 S 1. At 2 4 ( 63 2. 24 ye 2. 13 6.1 
s July 5 4:1f 7 lo 2.4 70 2. 10 7A 2.04 5.9 \ , 4 1 0 63 2. 24 73 2.13 6.1 
4-s 10 4°16 7 i HS 2.10 if 7 t \ ; ) ta 2. 24 va 93 5 
\ do M:165 j 10 t 1” vt ’ 6 \ ; 2 2 24 ¥/ 1.80 5 
6-\ 10 a4 2 1 70 | 2.10 ‘ » -\ i 72 | 2.24 R2 | 1.70 5.2 
7-\ 1 4 i ! 2 70 | 2.10 2 t f f ( 2. 24 72 20 6.0 
x-\ do ” 1s) s oO 24 a4 s , ( 2. 24 74 12 6.1 
-S Ju f 44:165:371 { 2 71) 2.10 20 \ 4: 17¢ 61 | 2.24 74 | 2.12 6.1 
2»”-S 1o 4:165:371 ! j HF 2. It t Wy 6. ( \ ] M4 f:4 1.8 7 2. 24 7 91 5.6 
2 do 4:165:371 { ‘ 2.10 f y 6. \ 4 70 | 2.24 g0 | 1.79 5.4 
\ -do 94-165:425 1 1.8 2.10 80 ‘ \ 1 4:176:4 ( 70 | 2.24 82 1.68 5.2 
\ io 44:165:452 1« 2? > i K2 1. OS Aug. ¢ 4 t } ie 4a 2. 24 12 > 6.0 
24-\ 10 04: 165:480 1 s 71 210 s4 S 2 i 417 i 2 fA 2.24 2.14 6.1 
25-S Jul } “4: lf 71 1 2. 2 tis 2. It 2. 02 6.0 4 ' { 4 2. 24 73 2.14 6.1 
2 .do 4:165:371 i 2 62 | 2. 1 f or f f 1 4 f i 67 | 2.08 TF 1.98 6.0 
: 1 44:165:371 i ’ 62 | 2. 1 u ( \ Melt f ) 6 2 OR => 198 60 
m~\ j 4-ie 42 5 Hs 9 if s t ’ t ’ 2 64 1. &S &f 7 6.0 
x” j M4 ‘ 152 2 is o I s 4 64 A x) 1.7 6.0 
0-\ io Mele iN ) 6s 2 10 . ( 0 4 TF 2 24 - 2 oF = Q 
July M-°198:350 ¢ 2 73 | 2.53 s f ' tif 2. 24 2. 1¢ 6.1 
; 14° 198-350 { 69) 2 s $:176:354 6 | 2.24 2.16 6.1 
| 4 350 4 Hu 2 » t f 67 > OS ri, 1. OS 6.0 
{ 4 Ww: 402 74 2 s s by t ? OR 77 1.95 6.0 
4 42S 4 74 2 ‘ } 4: 14¢ | (if RS at 1.80 6.0 
lo 4 ws 4 | y. 74 2 st it ) 8 4 SS si 1.78 6.0 
12 4° 108 0 1 7 2 ‘ S t \ ‘ , s 76 2. 24 7 2 OF 5.9 
‘ 4: 10S 4) i 69 2.03 t s t s ‘ 2 fis 2. 24 7 6.0 
| “44 ~ so) 1 ¢ eu 2 t ~*~ \ ; 2 is 2 4 7 a 0 
l 94: 198: 402 i 2 ‘ ‘ \ t 2 70 2. 24 7 5.5 
44: 198:428 312 s4 is \ 4 43¢ 9 7 2,24 7Q .3 
4:198:453 . 73 | 2.53 si i 2-\ 14:176:4¢ 75 | 2.24 8 52 
\ } 4 -200°340 ] rw 2.¢ } \ ; 4 2.4 7 2. 24 7 5.9 
} i 94: 200:34 2.67 ' t 4 i t 69 72 6.0 
5-\ lo 04: 2090:340 j 0 2 ¢ ) f \ { ft j 9 69 79 6.0 
4: 194:360 i 7 2.4 ] 1 f \ 4 { - =F 5 4 
i 44:194:360 { 0 7 { 7s f 4 “ j @ ” 9 : 77 5.2 
is 14:177:378 ee, s s 14: 20924 s 78 | 2.67] .78 4.9 
94:177:378 s 70 R2 f \ i 82 | 2. 67 72 5.9 
2 4: 200:340 | 2.4 7a 2. 67 icc 7 2.67 73 6.0 
4: 200:340 f 24 yp. 11—\ Ms at - 2. 67 , 6.0 
4: 200:340 2 2.¢ 2 ( \ ( 2.4 s 2. 67 7s 5.5 
"4 1-360 H 2 47 ( 4 x2 2.67 xO) 5.4 
} 4 Me Shit . Os 2 4 78 ( é \ ) ( &2 9.67 RY 1 5.2 
4 s t 2. 2 8 ’ f 1-5 \u 4 f 80 2.67 72 | 1.97 5.9 
M4 s y 69 | 2.2 S t : ’ 70) 2.67 74 | 1.89 6.0 
2 4:176:354 | Grave i | 2 2 1 \ 4: 2 70 | 2.67 74 RY 
‘ 44:176:354 j 2 ‘it 2 24 t 6. 1 is—\ 4: 209 2 80 2.67 78 71 
M4:176:354 2 66 | 2.24 f f -\ 4:200:4 80 | 2.67 60 
4: 163: 37¢ { G7 OS s ‘ \ +: 204 SO 2.67 R33 1.51 
4: 163: 37¢ 64° 2.08 f \ $ 94:24 2 80 | 2.67 72 | 1.97 
4 16:3 2 ( ‘ SS s 2-S 4: 217 ; 70 2.67 74 1.89 
94:146:3 5 62 SS s 4: 209 70 | 2. 74 | 1.89 
24 M4: 176 j 28 75 2 24 +-\ { ’ ‘ SO > RE 77 1.77 
04°176:3 { fe 24 { t \ i 4 80 | 2.94 Q 1.69 
f 4-176 i 9 f > 24 > 1¢ f 6-\ { 4 1:44 s 80 | 3.04 80 =. 62 
4: 163:37¢ j ‘ ( 2 OS ‘ is f - \ 4: 204554 S 9.67 72 1.908 
» 94:16 7¢ ) 64 2 OS } ( ‘ 14: 21 70 2.67 74 1.89 
4 199 i f 18S s 79 6.0 -\ 4: 209 0 | 2.67 74 | 1.89 
04 > ' 61 | 1.88 g rf ( o-\ 14224 § 81 | 2. 86 76 | 1.78 
26..| 94 4 i 2. ¢ 73 | 2.24 23 f \ $32 81 | 2.94 78 | 1.69 
) 4 354 ik (4 2. 24 } t 2 M4 +4 s S1 3 4 SO 1. 62 
4 354 1o 1.2 H4 2. 24 4 t Au ; 1:04 78 a* 72 1.95 
i 94-176:409 Tt he rs oe & ’ t 44: 209 68 | 2.¢ 74 1.88 
94: 176436 di 1.1 73 } x \ 44: 200 65 74 | 1.88 
04:176 i 9 73 s 1 2 6-\ 4 4 { 68 2 1.70 
27 04:176 i 2.5 73 é 2. 23 \ M4 5 fis 79 1. 68 
i 94: 176 d 1.2 4 2.14 f 68-\ 4 8 67 82 | 1.54 6.0 
04:176:354 do 0 . 64 2.14 ( ~\ 4 s ’ 64 } 1. 52 6 
o 04:176:409 dc 2.4 73 93 ) Au 4: 2 ) 75 3 | 1.93 6.59 
. if 04:176: 436 do ‘& 73 } 81 5.4 44: 21 { 6 74. 1.86 6.1 
° i 94:176:463 do ] 73 s 71 . 2-\ 4: 200 6¢ 74 | 1.86 6.1 
9 3 94:176:354 do 3 ( 71 21 ( \ 4: 194 fit 78 | 1.69 6.1 
0 do 94:176:354 do... 1.4 61 74 2 t 74-V 4 1 ( f 62 79 1. 66 6.1 
2 04:176:354 do 1.4 61 | 2.24 i f \ i 8 65 82 | 1.53 6.1 
m 94:192:409 do 1.5 71 | 2.45 2. OM 6-\ M4 8 8 f 2 83 | 1.50 6.1 
- t 94: 200:436 do 1.2 2. 58 2. 5, 2 77-5 A 22 4: 209: 34 f 80 | 2 72 | 1.97 5.9 
8S 94-209: 463 d Q r 2. 67 “Q 5 gS 14: 209:34 70 | 2.67 74 1.89 6.0 
8 v 31 94:209:340 | Stone 9 4 70 | 2.¢ 6 5.9 79-\ 14: 209: 34¢ 70 | 2.67 74 | 1.89 6.0 
, ic 94:209:340 |... do 1.4 oe o v2 ¢ 80-\ l 44: 20959 81 | 2.67 78 | 1.72 5.5 
81-\ 14:209:4 j &1 2.67 ] 1.61 5.4 
ised indicate: g2-\ 14:209:44 ( 81 2 67 R3 1. 52 52 
standard finish 83-S \ 23 | 94:176:354 | ( ( . 74 | 2.24 72 | 2.24 5.9 
; Vibrated 84-S I v4: 17¢ 4 0 63 | 2.24 73 | 2.13 6.1 
C= Water-cement ratio by volume 85-\ ! v4 lit } 2 63 | 2.24 73 | 2.13 6.1 
Sand-cement ratio by absolute volume. 86-\ 10 421652506 1 61 | 2.08 77 | 1.93 6.0 
Workability factor—ratio of the absolute volume of coarse aggregate In 87-\ y4: 1 9 | 2.08 78 | 1.91 6.1 
unit volume of concrete to the absolute volume of coarse gregate in a SS-\ 94 Lat ye Uv oe 1. 88 Sl 1.75 6.1 
unit volume of coarse aggregate (dry and rodded basis 59-\ ! 4: 146: 004 05 | 1.85 81 | 1.73 6.1 
Ratio of the absolute volume of mortar in a unit volume of crete to the ~~ Aug. 24 | 0s:1f0:o" - “© 75 | 2.24 71 | 2.25 5.9 
volume of the voids in the coarse aggregate in the same unit volume 0! 91-s 10 94: 1/6: 304 if l.2 64 | 2.24 73 | 2.14 6.1 
concrete (dry and rodded basis 92-\ do. - 9431762304 : : 645224) 273) 2.14 6.1 








TABLE 3.—Data on mixes—Continued 


Ce- 

Sec- : Propor- een ; Be 
on Passe yorser how eapres ate | Slump | W/C| aje | b/bo | M/¥ _ 
no. weight tor 
Sacks 

per 

cub 

| Pounds Inches yard 
193-V Aug. 24 | 94:163:376 | Gravel... 1.6 | 0.66 2.08 76 | 1.97 6.0 
194-V__|...do- 94:163:376 |...do ; i) .62 | 2.08 77 | 1.94 6.0 
195-V_.|...do_...| 94:146:392 G0.<«- 1.4 -63 | 1.88 .80 | 1.77 6.0 
196-V__|...do.- 94: 146:392 |...do....-. .8| .59/] 1.88 81 | 1.74 6.1 
197-S ..| Aug. 27 | 94:176:354 |...do 2.8 76 | 2.24 71 | 2.26 1.9 
198-S do. . 94:176:354 do 1.4 68 | 2.24 .@3 | 2.18 | 6.0 
199-V = “el 94-176-354 |...do 1.4 68 | 2.24 73 | 2.18 6.0 
200-V --do....| 94:176:409 ws 2.4 76 | 2.24 76 | 1.96 5.5 
201-V_.| ..do- 94: 176:436 do... 1.6 76 | 2.24 79 | 1.84 5.3 
202-V..|...do-- 94: 176:463 do 1.4 76 | 2.24 81/1.73) 5.2 
203-8 Aug. 28 | 94:176:354 do : 3.1 73 | 2.24 72 | 2.23 6.0 
204-8 do_...| 94:176:354 do 1.2 65 | 2.24 701215} 6.1 
205-V__|...do....| 94:176:354 do.. 3 65 | 2.24| .73/215] 6.1 
206-V , = 94:176:409 do , 73 | 2.24 .77 | 1.93 ! . 5 
207-V do 04:176:436 . 2.0 73 | 2.24 79 | 1.81 { 
208-V__|...do- 94:176:463 |...do_..- 1.6 .73 | 2.24 82 | 1.71 5. 2 
209-S..| Aug. 29 | 94:176:354 do 2.2 .68 | 2.24 430 | 218 6.0 
210-S__|...do 94:176:354 do 1.3 64 | 2.24 .73}214!1 6.1 
211-V_- do 94:176:354 do 1.3 .64 | 2.24 .73}214] 6.1 
212-V do_..., 94:176:409 .do l 68 | 2.24 78 | 1 x0 | 6 
213-V ..do 94: 176: 436 do 1.0 68 | 2.24 MWiLai 4 
214-V ..do- 94: 176:463 do 9 68 | 2.24 82 | 1.67 | - 
215-S. Aug. 30 04:176:354 do 2.4 73 | 2.24 72'2.2 | 6.0 
216-S do 94:176:354 _..do 1.0 65 | 2.24 73 | 2.15 6.1 
217-V. .do 94:176:354 do 1.0 65 | 2.24 73 | 2.15 6.1 
218-V..|_..do 44:176:409 do 1.3 73 | 2.24 .77 | 1.93 5.5 
219-V_.|...do .| 94:176:436 do 1.0 73 | 2.24 79 | 1.81 5.4 
220-V ..|...do 94:176:463 _..do 8 73 | 2.24 82 | 1.71 5.2 
221-S_.| Aug. 31 | 94:176:354 do 2.4 72 | 2.24 72 | 2.22 6.0 
222-8 SS 94: 176:354 do 1.3 64 | 2. 24 73 | 2.14 6.1 
223-V ..|...do.. 94:176:354 do... 2 64 | 2.24 73 | 2.14 6.1 
224-V.. do_...| 94:192:409 do 1.4 72 | 2.45 75 | 2.01 { 
225-V _. do. 94: 200:436 _..do : 1.0 72 | 2.5 77 | 1.92 2 
226-V .. do... 94° 209: 463 —— 71 2. 67 7y 1.85 0 
227-S Sept. 4 94:209:340 | Stone 2.5 74 | 2.67 73} 1.92] 6.0 
228-S _. do 94: 209:340 |_..do 2 66 2.67 7411.86) 6.1 
229-V = = 94:209:340 |__.do 1.3 66 2.67 74°, 1.86 6.1 
230-V ..do- 94:209:391 |__.do 1.9 74 | 2.67 79 | 1.67 } 
231-V ..do 94:209:417 ae... 1.7 74 | 2.67 82 | 1.57 5.4 
232-V ../...do.. 94:209:443 |_..do_. 1.4 74 | 2.67 . 84 | 1.48 ; 
233-8 Sept. 5 | 94:209:340 lo 2.4 75 | 2.67 .73 | 1.93 6.0 
234-S_. do 94: 209:340 do. 1.0 64 | 2.67 .75 | 1.85 1 
235-V _. do 94: 209:340 do 1.0 64 | 2.67 75 | 1.85 6.1 
236-V__|...do 94: 209:391 Cs 1.4 74 | 2.67 79 | 1.67 5.6 
237-V __|...do....| 94:209:417 |...do.. 1.4 74 | 2.67 an) Boe 5.4 
238-V ..|...do....| 94: 209:443 do 1.0 74 | 2.67 8411.48] 5.3 
239-S___| Sept. 6 94:209:340 |__.do 2.9 74 | 2.67 73} 1.92] 6.0 
240-S .-do...._| 94:209:340 |...do 1.2 64 | 2.67 7511.85] 6.1 
241-V ..do.....| 94:209:340 |...do-.... 1.2 64 | 2.67 75 | 1.85 6.1 

242-V__|...do.. 94:224:391 |...do-.... 2.0 74 | 2.86 78 | 1.73 5 

243-V __|_..do...._| 94:231:417 |...do 1.5 74 | 2.94 80 | 1.65 ; 
244-V ..|...do...._| 94:239:443 do 1.0 74 | 3.04 SI 1. 58 5. 1 
245-S__| Sept. 10. 94:209:340 _..do 1.4 71 | 2.67 73 | 1.90 6.0 
246-V _. do...._| 94:209:340 |...do 1.7 71 | 2.67 73 | 1.90 6.0 
247-S do_..._| 94:209:340 |_..do 3 1 77 | 2.67 73 | 1.95 5.9 
248-V_ do... 94:209:391 |_..do.. 2.6 77 | 2.67 7Y 1. 69 5.6 
249-V __|...do.....| 94:209:417 do... 1.8 77 | 2.67 -81 | 1.50 5.4 
250-V . do... 94:209:443 See 1.8 77 | 2.67 831.49} 5.2 
251-S__| Sept.11 | 94:209:340 do 2.6 76 | 2.67 7311.94) 5.9 
252-S __|...do__- 94: 209:340 do___. 1.1 69 | 2.67 74 | 1.89 6.0 
253-V - .do_..._| 94:209:340 Yee 1.0 69 | 2.67 74 | 1.89 6.0 
254-V_ do_..__| 94:209: 443 ae 1.2 76 | 2.67 84) 1.49 §.3 
255-S._| Sept. 20_| 94:209:340 |___do_____. 21 74/267! |73/1.92!| 6.0 
256-S - - do.....| 94:209:340 |...do-... ‘7 68 | 2.67 74/1.88!| 6.1 
257-V ..|..-do-. 94: 209: 340 do_.... 1.2 68 | 2.67 74} 1.88] 6.1 
258-V _.|...do.....| 94:209:443 do... 8 74 | 2.67 841.48] 5.3 
259-S_.| Sept. 24_| 94:209:340 _..do___. 2.8 75 | 2.67 73 1.93 | 6.0 
260-S..|..- do_..__| 94:209:340 do... 1.4 67 | 2.67 7411.87!1 6.1 
261-V..|...do.....| 94:209:340 |...do__.. 1.6 67 | 2.67 74 | 1.87 6.1 
262-V ..|...do.....| 94:209:391 |...do__.. 2.0 74. (2.67 79 | 1.67 5. 6 
263-V_.|... do...._| 94:209:417 |...do...- 1 .70 | 2.67 82 1.54 5 
264-V__|..- ee 94:209:443 |...do.... 8 | .69 | 2.67 85 | 1.45 | 2 
265-S__| Sept. 25.| 94:209:340 | .._do_. 1.6 72 | 2.67 731.91 6.0 
266-S . |... do_..._| 94:209:340 do 23 75 | 2.67 7311.93! 6.0 
267-V ..|...do-.. 94:209:340 __.do 1.6 72 | 2.67 73/191! 60 
268-V __|_..do__. 94:209:391 __.do... 1.6 75 | 2.67 “79 | 1.68 6 
269-V . ae ae 94:209:417 |...do....-. 1.4 75 | 2.67 81 57 ¥ 
270-V ..|...do.....| 94:209:443 |...do..... 8 75 | 2.67) .84/)1 48 3 





In designating variations of the base mix for vibra- 
tion, the possibility of effecting economies through 
cement saving was considered as well as the question of 
improving quality. In order to obtain the comparisons 
desired, the base mix was varied in three different ways. 
In one variation coarse aggregate only was added to the 
base mix, the water-cement ratio and the sand-cement 
ratio remaining constant. This resulted in reducing the 
cement content and slump in proportion to the amount 
of coarse aggregate added. In another variation the 
quantities of both fine and coarse aggregate were in- 
creased, the water-cement ratio remaining constant and 
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the cement content and slump being still further re- 
duced. In the third variation the cement content was 
held constant and the water-cement and sand-cement 
ratios reduced. The mix characteristics of each section 
as well as the date laid and the method of finishing are 
shown in table 3. 

Referring to table 3, it will be noted that either six or 
seven sections were constructed during each day’s run 
The first three included: (1) The base mix, standard 
finish, at approximately 2'-inch slump; (2) the base 
mix, standard finish, reduced to about 1l-inch slump by 
lowering the water-cement ratio; and (3) the same mix 
2) except that the concrete was vibrated. The pro- 
portions used in the balance of the sections in each day's 
run were variations of the base mix as indicated in 
table 3. Allof these were vibrated. It will be observed 
that the base mix, standard finish, in terms of which al! 
of the other sections were rated, was repeated each day 
In this way it was possible to eliminate entirely from the 
comparisons the effect of differences in quality resulting 
from variable weather conditions during the progress o! 
the work. It is believed that this procedure, although 
it added considerably to the volume of the work, ma- 
terially increased its value. 

Departing from the practice formerly employed, the 
concrete was deposited in two layers in a manner 
similar to that used when mesh reinforcing is to be 
installed. The longitudinal wooden separators wer 
placed in position after the first batch was deposited 
and spread to approximately one-half the depth of the 
section. The second batch was then deposited and 
spread in the usual way. In series A each bucket was 
dumped by moving it laterally across the end of the 
section farthest from the mixer. The concrete was 
spread with the finishing machine, using a_ special 
strike-off for the first layer. 

This method of dumping the concrete was criticized 
as not being comparable to the usual field practice. 
Consequently, in series B and C, this part of the pro- 
cedure was changed by dumping each batch in the 
center of the section at the end farthest from the 
mixer and using the bucket to spread the concreté 
toward the mixer. This spread the concrete to 
width of approximately 6 feet and was followed by 
hand shoveling both ways to the forms and with 
final strike-off by the machine. Figure 1 illustrates th 
method of depositing the batch used in series A and i! 
series B and C. 
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STRENGTH AND HONEYCOMBING OF CONCRETE SLABS MEASL RED 


All of the 7-inch slabs were tested in the fiel: 
simple beams with the load applied at the third points 
of a 54-inch span. Details regarding the apparatus 
and methods used will be found in earlier reports 0! 
the subject.2* The 10-inch slabs were brought to the 
laboratory and tested in a 200,000-pound univers 
testing machine, the required breaking loads |cing 
beyond the capacity of the field apparatus. Insofur as 
the span length and point of application of load wer 
concerned, the same procedure was followed as was 
used with the 7-inch specimens. All flexure speci :.ems 
were approximately 9% months old when tested. 

Five cores, 6 inches in diameter, were drilled ‘rol! 
each test section, three for density and absorption tests 
and two for crushing strength tests. Specimens t ste 
for density were drilled from slabs 1, 3, and 5. (5¢ 


?The Effect of Vibration and Delayed Finishing on Pavement Slabs 
Roaps, vol. 14, no. 8, October 1933. 

* Studies of Paving Concrete, by F. H. Jackson and W. F. Kellerman. PU5! 
Roaps, vol. 12, no. 6, August 1931. 
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ON SUBGRADE BY MIXER DiIscHARGE BUCKET 


fig. 1 In the case of the cores for strength tests, one 
was drilled from slab 3 and one was drilled from either 
slab 1 or 5. This was done so that concrete from the 


center and both sides of the test section would be 
represented. All cores were drilled from broken slabs, 


being taken to select concrete free from honeycomb. 
rption values were computed on the basis of 5 
hours’ immersion in boiling water. Compression and 


rption tests were made when the specimens were 
approximately 14 months old. 


results of the flexure tests on the individual 
“4-1ch slabs are given in table 4, which shows also the 


p ntage of variation of each value from the average 
lor ‘he section as well as the average variation for the 
S¢ n. 


percentages of honeycomb in the bottom sur- 
und at the cross-section where failure in flexure 


occcrred are given for each test slab in table 5. In 
ger ral, the same procedure was used for measuring 
tl mount of honeycomb as was employed in the 
e: r work2 For the purpose of determining the 
ra of each section, an average of the 10 determina- 
ti 5 on the bottom and 5 at the break, was 
ol ied. These are the values which are indicated 
in various charts. 

ticures 2 to 5, inclusive, illustrate the distribution 
ol honeycomb on the bottom surface of typical sections 
\‘Serics B) representing concrete of medium versus dry 
Cons'steney, and standard finish versus vibrated. 
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TABLE 4. 


Modulus of rupt 


Lb Lt Lt 
per per per 
g. in. 8g. in. sq. in 
698 791 0) 


628 
69 712 67 
§2 615 4 
694 769 7 2€ 
6458 752 66 
2u ”) 70 
625 38 68 
650 699 
644 62 
634 726 636 
55S ) 648 ) 
15 604 660 
77 676 652 
5¥4 5 
2 467 517 f 
592 687 ie 
x6 678 628 
00 670 656 
21 678 23 
tt 710 65 
610 6¢ 639 
664 t 
17 ve 69 
R32 8 
2 t < 
68 699 {8 
6 709 68 
s ROK R36 
85] 2 S59 
Ooms 4 4,¢ 
x7 SS babes! 
SO4 &3 " 
799 TRA S33 
787 17 
848 s 9 
yOT ON 179 
vt ROG QO8 
5 R18 8 
678 774 if 
R97 69 ROE 
YO4 O4f 024 
845 tl M45 
x) S62 2 
wi O74 R32 
x Oo #1 
) Re 
SUF y2 SA 
2 ; OS 
y52 4 ¢ 
120 yn 1 
048 t 24 
113 Ss 
”y Lan) 
679 647 
690 799 ~ 
72 &OD 68 
TSO SO 
691 642 7R( 
04 679 0 
669 722 798 
7200 | 73 { 
746 | 765 
TAS 769 782 
> 76S 718 
THe 73 705 
791 694 75 
712 677 712 
662 6 716 
699 74 731 
645 715 63 
658 636 bot 
641 717 71 
619 690 702 
691 717 776 
643 774 718 
664 745 7OF 
637 700 645 
640 759 679 
647 715 70 
654 668 639 
718 740 738 
585 761 72 
650 677 667 
YS 606 614 
581 688 690 
792 752 
756 879 877 
S13 817 813 
799 760 798 
722 901 873 
717 777 831 
673 659 689 
588 785 SYY 
680 810 848 
702 712 786 


Individual s 


irt a 
4 a 
I J 
I é 
in n 
739 f 
6 r 
ft 4 ) 
f )s 
( 
t 664 
4 662 
R4 678 
? f - 
64 612 
4Rf 638 
4 618 
762 636 
733 $56 
67) REF 
4 656 
698 & 
592 2 
682 f 
698 68 
648 f 
} é 
Y; 6K 
47 
AF 
69 
} 6 
1 
R4 ) 
) ) 
4 RE 
IR4 
) SF 
l 43 
4 108 
Rf 
¥ 116 
R38, 
14 2 
. JAS 
4( 131 
RS ROR 
) 
SAS ROO 
RRA 
} 128 
O4 "i 
SOT be | 
RQ RO 
8 s 
72 64 
4 
t 
14 47 
97 
4 33 
~14 710 
“(4 >= 
8 709 
781 | 762 
683 724 
689 671 
728 698 
73 632 
666 676 
69 7 
r02 626 
679 e 
702 651 
y 640 
658 670 
727 6A 
678 36 
S75 687 
736 738 
24 709 
13 655 
615 613 
640 5Q5 
852 781 
845 729 
808 809 
759 720 
81] 764 
834 744 
669 707 
718 78 
840 660 
772 687 


1 Average of less than 5 values. 
3 Broke outside middle third 
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lab strength and uniformity 


Variation from average 


age 1 : 
Lt 

per | Per- | Per- 
n ent cent 
707 1.3 2.0 
695 «he 8.1 
682 Q 1.6 
64 2.3 5.6 
69 3.9 2.3 
642 0 4.2 
685 3 12.3 
688 4.4 9.3 
li 2. 5 5.5 
673 ey: 9.7 
674 3. 6 3.7 
599 7.5 
663 4.4 9.5 
C 1.8 1.1 
44 rf 
647 0.8 4.5 
‘661 10 ] a = = 
18.8 | 10.1 
656 | 9.8| 4.7 
637 8.0 6.4 
68 2.8 1.6 
69 7| 24 
( 6 2.6 
t 7.0 1.7 
RE 3 9 10.4 
2 9.1) 6.1 

r] 7 10.9 
4 ef 
) 2.2 

6.9 4 

SA 5.4 1.0 
SSf 9 7.3 
798 2.6 
R84 ] 3.7 
R68 7.4 4.4 
RF 6§.2 7.9 
RE ) 10.6 
8 2 | 
he 4 
) ) 5.9 
S48 3 3.5 
798 0 3.0 
896 1 3.0 
118 0 3.0 
ROR ) ae 
RAT 9 2.8 
927 3.6 5.1 
} 1.2 2.4 


x 


| 1.5 1 
O1¢ 3.9 18. 7 
) 4 Re 
42 13.8 19. 1 
RS 2 16.5 
RT 89 | 14.4 
é 0 a 
752 aS 6.3 
0 5.8 15.8 
7 2 4.7 
69 ( 7% 
698 ) Bh 
73 8.7 1.5 
72¢ 8 1,2 
74 2.7 
7¢ 7 8 
74¢ } 3.0 
754 } 3.0 
TAF 16 8.2 
2 4 3.6 
674 8 5.8 
720 2.9 3.5 
698 7. € 2.4 
658 0 3.3 
667 i) 7.5 
668 | 7.3] 3.3 
703 1.7 2.0 
698 | 7.9 | 10.9 
712 6.7 4.6 
662 3.8 5.7 
69 7.6 9.5 
675 4.1 5.9 
ty 17 5 
734 2.2 : 
70 f ) 8.6 
672 3.3 
609 1.8 | 5 
639 | 9.1 a7 
794 3 5.3 
817 7.5 7.6 
812 1 -6 
767 4.2 9 
814 11.3 | 10.7 
781 8.2 5 
679 9; 2.9 
714 | 17.6 9.9 
768 | 11.5 5.5 
732 4.1 2.7 
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r A ver- 

4 age 
Per- | Per- | Per- 
cent | cent | cent 
4.5 5 2.6 
6.2 6.5 6.3 
3.4 3. 1 2.4 
9 10.1 4.0 
3.9 rf 2.7 
5.0 3.4 3.3 
16. 2 3.4 7.8 
6 1.5 3.8 
1.0 5.5 3.2 
4.5 ol 4.7 
icvesnel: “ae 
18.9 6.5] 19.4 
5.6 6.8 6.1 
16.3 2.9 7.5 
23.4 | 23.2 14.5 
3.7 1.5 4.3 
7.3 ~ 15.4 
21.4 1.0 11.5 
9.8 9.9 7.8 
7.1 4.1 5.4 
2.5 ol ai 
6.8 1.6 3.7 
a 2.2 1.9 
6.1 2.0 3.9 
2.0 8.9 5.4 
6.8 6.0 8.6 
4 13.1 6.0 
4.2 8.4 3.4 
4.9 3.1 | 3.7 
11.9 .4 4.7 
3.3 6.2 4.2 
12.5 1.8 5.7 
3.0 4.7 3.1 
7.8 1.5 3.3 
2.9 | 10.3 | 5.9 
7.2 9.7 6.7 
12.7 | 17.9 12.3 
socal ARO) 2a 
7 3 6 
aren 9.6 15,2 
11.1/)18.9] 7.6 
8.9 9.1 7.3 
8 2.2 1.2 
Seat 8. 7 14.4 
1.8 2.6 3.8 
1.7 8.0 5.4 
1.4 .4 4.2 
4.5 3.5 4.6 
l 1.6 18 

Pt 6 ) ee 
CS Fe 
8.2 1.3 7.5 
2.9 3.0 3.0 
2.6 3.4} 10.0 
1.2 8 6.6 
2.3 3.1] 17.2 
7.1 4.3 14.0 
me 2.4 4.3 
2.5 7.2) 6.3 
1.2 3.9 2.7 
ss 6.4 5.4 
1.7 l 1.2 
1.6 0 4.1 
ee 1.0 1.4 
5.5 3.8 2.6 
1.8 4.5 2.1 
1.2 1.2 2.0 
3.2 6.0 3.6 
3.3 8 3.5 
2.7 3.1 2.4 
2.2 6 3.3 
2) 2.4 
5.0] 9.5 6.8 
1.2 2.7 1.5 
3.6 | 14.4 7.3 
5.1] 63) 5.4 
3.4 7.3 5.0 
-6 6.7 5.8 
-4) 10.1 6.7 
.6 1,2 2.8 
4.9 4.6 5.7 
4 5.8 4.0 
1.5 3.3 2.2 
.3 5 .9 
3.3 1.1 6.6 
6.1 2.5; 2.7 
1.0 ~ a 1.0 
.2 6.9 6.4 
7.3 | 1.6 13.6 
3.4 | 10.8 7.3 
5 .4 3 
1.0 6.1 3.2 
.4 Gii Fi 
6.8| 4.7] 5.3 
15; 41 2.2 
-6 | 19.0 14.6 
9.4 | 14.1 10. 2 
5.5 6.1 5.2 





TABLE 4.—I ndividual slab strength and uniformity 


99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 


Modulus 


in.\sq. mn 
649 750 
562 761 
526 AOS 
SIS ASS 
641 648 
560 641 
531 616 
614 
651 626 
628 705 
736 725 
652 683 
711 707 
563 663 
620 694 
5R5 731 
645 730 
69S 660 
637 578 
725 719 
70S 766 
676 680 
758 720 
687 791 
740 702 
675 765 
742 716 
72 699 
701 617 
649 659 
722 729 
702 644 
716 625 
683 594 
656 625 
#02 702 
654 715 
678 725 
683 651 
628 624 
747 824 
&53 909 
869 950 
891 794 
S6Y 758 
814 S64 
806 84 
794 SS2 
R458 xAS 
833 S21 
798 842 
802 813 
863 Q5Y 
7R4 706 
§A4 914 
851 827 
761 S48 
717 798 
SOS 860 
774 918 
YS4 909 
47 794 
820 935 
787 S44 
859 $22 
900 862 
755 962 
892 954 
866 (1, 001 
R67 Q6S 
924 872 
820 | 799 
744 | 869 
873 968 
951 931 
964 993 
954 849 
893 969 
R31 856 
666 |? 874 
875 951 
925 758 
849 789 
751 879 
705 704 
560 694 
700 746 
692 744 
742 723 
7 767 
749 709 
692 673 


Lb 


per 


aq 


m 
789 
839 
553 


5R3 


Lb 
per 


&q 


mm 
799 
801 
561 
584 
(63 
562 
630 
631 
673 
60F 
HH2 
669 
HOY 
BAT 
674 
681 
S13 
767 
744 
754 


of rupture of 





lab no 


Lt 








840 


vs 


Per- 
cent 
10.1 
21.5 
5. 1 
7 » 
a 3 
Ss. 0 
10. 9 
1.7 
8.5 
»g 
2.3 
6.4 
5 ¥ 
3.1 
13.3 
11.9 
2 4 
7.8 
8 
4 f 
2.7 
7.8 
6.0 
su 
» 9 
5.9 
4 
7.0 
4.1 
6.7 
i, Ss 
hs 
6.0 
2.0 
»9 
i) 
3 
i) 
s 
6.6 
1.2 
3. f 
( 
6.0 
7.4 
1 6 
10.4 
1.7 
6 , 
U0 
9 
12 F, 
13.0 
.8 
6.9 
4 
— 
) 
$8 
6.8 
19 
0 
19.4 
1.0 
09 


of 


INNES 


PUBLIC ROADS 


Variation from average 


Per- 





cent cent cen cent 
3.9 9.3 10.4 13. 6 
6.3 17.2 11.9 | 13.6 
2. § 2 1.3 1.1 
4.8 4.5 4.7 6.6 
3.2 2.6 | 5.6) 13.7 
5.3 11.0 A 3 
3.4 4.7 5.7 3.0 
5.3 0 R. 2 13. 7 
4 6 ie 2 
2.8 2.8 1.5 1.3 
1.4 S 7.4 5.6 
2.4 4 3 5.0 
5.8 7 RS o 97 
10.9 , Ry 5.2 7.5 
8.4 4 3 | 10.0 
8.3 8.0 v 40 
5 3.7 11.1 4.5 
7.7 9.2 io 6.6 
6.4 7.2 te 9.4 
0 $9 4.9 9.3 
3.2 6.1 2.2 7.0 
l 1. f l 1.f 
2.4 1.1 1 2 
6,2 6.7 6 10.7 
6 9 4 
2 v.35 8.2 
4 1.4 } 9.2 
2| 81 | 10.2 
6.8 1.4 7.4 
0 9.3 12.3 
1.4 4.3 4.2 
= ye ) 7.3 
9.2 3. 1 lf 1.3 
te 9 4.5 18 
f.4 1.0 4.2 3. 1 
8.7 0 2.6 4.5 
- & | 7.3 4.3 8.5 
is 20 2.3 Hs 
2 1.0 3 4.0 
4. ¢ 6.3 5 2.9 
7. ¢ 4 2. 1 ye 
3.9 1.4 5.1 5.3 
13.0 &.0 7.7 31.7 
0 gS 8 4.8 
s.0 a | SF | 2.8 
5. 0 2.7 4.5 11.2 
s 1.0 2. § 6.4 
2 : 5. ¢ 6.8 
22 6. ¢ 4 
2 1.1 - 4 
1.7 8.5 2.5 9.2 
1.9 1.0 5.0 8.3 
0 3. 5 3 1.0 
6 2.1 3.9 8. § 
9 6.4 8.3 &. 1 
5. 0 6.6 1.4 3.7 
2 2.7 11.8 10.3 
3 9 6.7 5R &.4 
1 4.4 ] 2 
6.2 11.2 7.2 | 14.2 
22 158 3. 0 10 
Q F u 4.9 
6.9 9.7 &.Y 
5 9. ¢ 7 6.9 
39 { x9 
4.2 s. 0 6.5 
10. 2 2. 6 ; 
6.1 8.9 4 1. f 
7.6 7.) 0 { 
s 7.9 5.0 13. ¢ 
! Ti 473 34 
l 4 5 0 
pa Ls nr 
( y ee 2 { 
s 1.2 6.0 
2 1. fj G98 10.9 
4.9 1.3 4.7 0 
t 4.3 9 2 
0 1.4 1.3 
8 6.2 2.4 5.0 
7.¢ 3. 1 11.0 Bs 
10. 0 9 4.3 3 
6.7 3.2 5.9 2.7 
71 a2 5 
3.8 1.8 1.7 0 
11.0 18.9 3.0 16.5 
3.6 2. 4 6 3.7 
4.2 10.8 2. 1 9.7 
3.9 7 13.6 2.7 
6.8 4.2 3 9.3 
Sy 5.4 1.9 6.0 
l 2.4 1 5.5 
3. 5 5.7 3 5.4 
1.5 0 2. | 4 
2.4 6.1 1.8 7.1 
6.0 5.1 7 &.3 
2.8 2.7 2.8 4.6 
3.4 2.2 5.4 3.4 
1.6 4.0 1.6 6 
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TABLE 4. Individual 


slab strength and uniformity 


Modulus of ruptur Variation from 








average 
sec 
tion “i 
no 1 9 ‘ Aver- 1 9 3 4 5 Aver 
ine age 
Lb Lt Lt Lt ] Lt 
per per per pe pe per Per Per Per- Per Per Per 
sq. in. sq. in. sy. in. 8 x cent cent cent cent cent cent 
198 710 | 2 799 SOO 22 “0 AM) 5. 3 6.5 6.7 3.7 4.0 5. 2 
199 771 774 S14 766 2t 770 1 5 57 F, 5.7 2.4 
200 | 2? 597 650 734 684 657 665 10.2 2.3 0.4 3.6 1.2 5 
201 637 631 719 TOO ( 669 4s 7 7s 46 18 44 
202 704 647 642 Of 60S 67 49 tf 3 | 9 »4 5» 
203 | 601 | 613 632 669 612. #2 ca) 26) 0, 21 2 
204 4 670 644 04 4: 604 17.9 0.9 15.7 16. ¢ 25.0 
208 578 674 713 t 647 ‘44 10.2 17 10 3 
ai YS 659 633 “ “iis “2 » t 1.9 40 
207 74 6H1u 62. f Ga 605 4.¢ 2 a 45 
208 6349 610 tt s4 61S 3.4 l 7.6 44 4 
04 28 682 167 67S 6a ay 5 4 1.3 23 1.40 0 ) 
210 2659 677 "5S & "03 “03 | 63 +, 7 8 9 0 4.0 
211 0] 751 t 763 () 740 } l 3 1.4 2.4 
212 04 41 739 TO i7s 692 3 7.4 6.8 2.0 2 0 » | 
213 t 756 731 72e ; 721 7 4.9 1.4 2.8 me!) 
214 64 #45 706 TH Ont 67 4¢ 4 4.4 f 1 ey 
215 6385 644 647 72 708 682 4 t 3.7 4 3.8 
2l¢ 615 742 642 627 650 655 t 13.3 2.0 4 . 5.3 
704 74 TOS 70a 660 7 l 4 4 ( 6.4 2 6 
44 690 669 r O87 Ol 6.1 1¢ 4 2? ( 3 
632 AE 692 6s 703 643 3. 2 14.0 6. ( 4 f 7.7 7.3 
f 692 6S r] it) 687 ? 7 u 2 25 
628 704 AGE ‘ Tis 683 8. 1 3 2 » 492 
o2t 660 iz 6s OAC Has 6.3 - : x 9 4 
oo AS8 fs 7 04 647 4 Leo » 4 9 ( l 
667 672 ia Al 6s fist 2.8 2.0 0 f 2 
7 684 tar r f A4uo 2 ‘ 6.8 f 4 
2 Ao A66 6s. “4 O24 H4 ‘ t 6.1 0 0 ; } 
99 g SOF s s 4 &12 ~ l 2 9 ) 2 4 
928 RAY RUS s seit SF ie 9 4 7 ‘ 
220 KR? R24 9 s S45 807 7 &. 1 f 0 ¢ 
yA 5 si) & & KQU R23 ( 52 9 ° 9 
2 ROU SI at] RAY R72 RAS 4 f 7 9 4. 
a2 2 749 SS s 797 817 8. 0 2.2 S 4.3 4 : 
2 t S&5Y Su ; 7 be 7.8 1 7 _< ( 
j rT) 92 917 s 7 f 0.2 9.7 i) 7 
y m4 S72 ST SIS R52 S52 2 27 4.0 0 2 
236 R70 a4 BA3 2 & S36 f 4 , 2 
R7 M4 » R37 v2 s sou s t 1.0 RS 3 3 4 
238 637 0 44 SOQ seit S28 23 3 1.9 Rf iF) ] 
ORAQ 7 2! &| ms S a! 0.3 & 0 , 4 
240) 753 784 S78 &2 ; si 6. 2 Ko 2 4 4 
24 RS, O05 we w54 ) 2.9 49 5 ( 6.3 4 
942 &A3 R34 RAE SAS S 2 5 1.9 
243 RAE 794 Se ' J s 5.8 
44 12 779 7 Se 787 7 0 ‘ 
24 734 S14 Tot 7é 2s ’ 7 0.2 2 2 0 t 
46 TAS R52 4 so 772 & Yo 10.4 Hf 
247 mf R10 KF ry) § 79 12.7 1.0 7 2.8 4.4 
»4s ~ Tuy sit 32 ~ S4 4.7 2 2.0 10). ¢ 2 f 
249 ‘ S7 ST 4 5 1 > 2 6.5 6. 2 9 8 ? 4 
2 $ 799 SM) - vf «.? , . 4 1.7 : 
g) ) THe s s % 79 29 1.7 21 4. ( 
Ay 770 ’ AL s 757 6.1 4.5 1.8 2 
2 TO ” f ( ree. t ° 2 1° 9 
254 > SO RS 710 71 1u 4 7.9 $ 7.8 
2. % 8 R24 mM sA4 R4 2} 9 9 8 9 
Of R74 AAf SAY 66S &37 4 4.4 9 . 2”. 2 
257 R29 4 OH), Ss R29 0 ee, 2 9 x 
258 gO R1¢ O4 St él TAO 2? 6. f 23.8 > < 0.4 
259 ‘ 744 Tal St t ] 4.1 S 7 
260 a S7 824 &2 “I sf 2.4 4.2 4 , 
ow . R78 RQ RSS 8 SSO 9 2 7 
22 - 797 1s s a ws! 2 6. ¢ 6.4 } 
263 S18 K72 ) S bs SAY 4$_& § R.4 ; ah 
654 ) STF UY S S45 4 7 5.9 1.2 f.4 
On; ~ Ts s 9 w4 w5 of wf 19 ye ‘ 
Ma ; | Pe wht w STS F 2 7 ht ] { l 
267 STU KAO ™ SAL bat s4f ; 1.9 ] 7 ] 
On RTS ® Ws 2 S47 4.1 3.7 4.4 f 
269 ") S s s ’ S2Y 4.7 2.2 6.0 8.0 7.2 
o7( w/ ® 4 707 7 S 31 | 7 9.7 
Average’of less t! 5 values ? Broke outside middle third. 


Control flexure specimens consisting of four 7 b 
by 30-inch beams were cast in connection with e 
standard-finish section up to section no. 
which a set of four beams was cast for every section 


Three control cylinders, 6- by 12-inch, were cast ‘or 


each section. 
vibrated. 


‘ 


None of the control specimens 
All were job cured and were the saine 


18, No. 


Continued 


} 


151, aiter! 


specimens were tested wet. 


table 6 together with the corresponding averg 


strengths of the pavement slabs and the cores. 
Results of tests for bulk specific gravity and 
tion are shown in table 7. 


] 
as the pavement slabs and the cores when tested. \! 


The results are shown 1D 


abs rp- 
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TABLE 5.—Percentage of honeycomb in slabs TABLE 5.—Pt tage of honeycomb in slabs—Continued 
Honeycomb Honeycomb Hone | Honeycomb 
Slab no ——_—__—— — Slab no ——— Slab no - ——- Slab no | ———-— —__— 
Bottom Break Bottom | Break Bott Break | Bottom | Break 
Percent | Percent : Percent | Percent Percent Percent Percent | Percent 
1 > ie 0 15 ee 92.4 13 29 a 3 2.4 { 7.4 0 
9 15 ) 2 aw 82.3 8.0 - 4 0 2 ie ~ 10.8 0 
: = 0 ) = 25. 6 0 } ) > pian 3.0 0 
4 ae 7.4 ) J . 4.2 0 1 4 r Rear 14.8 0 
ae 22. 1 0 - - Of. 4 4.3 | 5 er : 8.7 12 
A verage a = y ) Average at 60.4 5.8 Average ) F A verage._____ a R 9 2 
. 9.5 «.¢ ) 8 4 14] 29.5 0 
4 ) 2 4 0 { 2 13.8 0 
2.4 Y) 17.4 0 { 3 0 0 
4 on. ¢ ) } 2 0 1.2 } 0 4 " 36.7 20 
: 43.9 ( 5 13 2 39. 5 4.9 
AveragO..oc--.<0+< 16.8 Average 26.4 1.2 A verage . 8 A verage 23.9 | 1.6 
0 7 8 3 { 7.6 3 
5.6 y ; 2 2.8 6 
7.0 ) 7 ( 0 0 
J = 14. ( : : = : 6.7 ( 
aa 42.0 40  ¢ 0 0 
Average : 13.7 Average at g A verage ) A verage 3 5 4 3 
, 13 g 61.8 15.4 8 - 4f 7.5 0 
0 ‘ 2 1.0 f 5 2 : 17.7 0 
) ) 4 _ 2 0 
o7 07 { ”) 4 0 4 2.4 0 
22 3 0 
Average 10.8 Averag 42.8 2 4 race rage «9 0 
7.2 , 3 1.0 2) 0 
4 - 0 63.9 TR 
«5 ‘ 24.3 0 
‘ g ) 4 S 2 { 27.1 0 
‘ ye } U 390 6 9 
, Average 4 3 \ verage 4 g 31.4 4 
) “ 5. 4 4 . 1.6 0 
2. 2 ) . 1. 4 ) 9 9 26.8 0 
x 2.8 14 8 11.4 0 
9] ) 4 +s ) } 27.9 0 
a 18 ' 13.5 0 
‘ aa 10.3 2 Average 1 3.4 A vera { g 3 18.8 0 
) 2 l4 3 z 99 9 f 
< 2.2 0 : 8 24.6 1.2 
0 ( 4 8.8 3 
8 3 j 0 { 8 21.2 6 
13. 4 6 1.2 
\ g 11.5 Averag 5 \ verage 8 A verag 5 8 
g 16.9 22 0 0 0 27.9 1.2 
0 < s Uv 2 3.8 0 
‘ U ) U 21.9 0 
7 4 - 0 ‘ 8 ‘ 16.9 | 0 
) 21.7 9 
\ s AVerag ) \ verage % 9 4 18. 4 4 
he ee 0 ~ t 6. 4 6 
0 0 2 { , 11.1 6 
0 U 99.5 6 
‘ 7. ¢ 0 i 22.2 6 
12 0 2 0 Li 26.0 |.. = 
A s 0 A verage 4.5 A verage 2 A rage 299 2 
0 ) 24 4 f Ss ’ 7 2 ‘ 2.8 0 
° 4 0 9 2 | f 9 9 2 2 ae 4.1 0 
3 ) 21.2 2 1.8 18.0 3 
, 8 ) 4 23. 3 0 } 29 4 i 6 
; 6 ) 12 t s 5 . 15. € 6 
- 2.7 v0 A verage 27.2 8 A verage 25, ¢ ) A verage t.6 1. 
0 0 2 y 0 ) 15.6 9 
0 ) 2 9 0 2 2 0 0 
0 0 0.5 0 3 3. 2 0 
12.3 0 4 2 0 4 1 2.1 0 
29 0 ; 23.9 0 5 { , & 5.0 0 
\ ‘ 2.9 0 (\ verage 12.3 0 A verage f A verage.......- 5.2 2 
le ee 0 0 26-1 i 67.6 8. f 10-1 8 ) 8.3 0 
. 0 ) eS : 47 4.2 2 ) 2 24.7 1.2 
i 2.9 3 31.2 0 3 4 f 0 0 
21.5 v0 4. 3.0 4 $ > 15.2 0 
ie g 22.9 0 ) 65.0 3 — os 16. 2 0 
A vias 9.5 | Average . 49.9 3.2 (Average 8.4 7 A verage a 12.9 2 
34.4 1.5 =: oe cal 4.5 0 41-1 23. 2 ¢ ; mata ee 13.8 0 
6.0 0 2 ie 2u 0 2 4 ) 2 ‘ §.3 0 
15.7 0 0 0 U0 - 6.2 0 
: “ 11.4 2. 1 i 6. ¢ U 4 18. 4 Uv Ps inte acipaiin . 29. 0 .6 
31.2 3.1 ¢ Lo. 1 UD | Denccacccceccceccee} FOUL UU ||  Ouacccccce wi 5.1 0 
A 19.7 1.3 Average ; 8.9 0 \ verage 3.9 ) || Average.............] 11.9 4 
it 71.0 6.9 28 6.3 0 i 31.2 1.7 f 23.6 -6 
’ Stes 43.2 5.4 2 iaahen ( 0 « 40 2.4 2 48.3 1.2 
panetsons 48.2 6 eee 0 v 3 nea 13. 5 6 Bake : 18. 1 .9 
: ‘ 9 6 “hess 10.3 0 4 25. 1 3.0 1 seawwdenenekid 35. 6 .6 
67.2 7 “ele 5.2 0 5 15.2 0 5.2 : sees 28. 2 6 
Ave 57.9 3.4 '| Average_-... : Z 4.4 0 \ verage oa 25. 1 3.1 Average..... mnen 30.8 ._ 
| Not included in average. Slab not tested. ? Average of 4 values 
3007—37——_2 
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TABLE 5.—P ) € of honeycomb in slal Continued 
Honeycomb Honeycomb Hone t Hone nt 
Slab no. —— Slab no — Slab n Slab 1 
Botton Break Bottom Break Botte Break I t Break 
Percent Percent Percent Percent } F Pe 
See 3. 4 0 71-1 25 3 85 8 Q 2 
2 of ‘ 2 2 t i) ) 
; 44 . SS 0 0 
4 32 ¢ 1.4 { 0 4 j 0 
5 18, 2 0 i 27 l F 0 
Average 0. 2 ‘9 Average l ] AVE ¢ Average 
58-1 $2 2. 1 72-1_. 0 2 86-1 s 100 { 
5 25. 9 2. 7.2 ] 9 9 f ( 
2 ¢ 0 3 6.0 0 ? " 0 
rt 3. 4 0 4 13 0 4 Q 0 
ae 2.2 6 5 10.5 2 
Average..._. 2. 2 7 A verage 20. 6 I A € Aver j 
60-1....... 2.1 0 73 19.4 2 87 0 
9 10. 2 0 9 7.9 0 ( 
3 ss f 0 4 0 ) 0 
: 9 0 4 3 3 0 ‘ { 0 
F 1s. 3 0 5 0.2 F S ] 
Average 8. 1 U A verage 8.2 A ve 4 A\ " 
60-1 16.2 9 74-1. 15 R8-] 02-1 lt 
2 1.0 0 - s. 1 U y 4 i 
3. ] f 0 a 18. 7 ] 0 
4 0 4 11.7 0 4 { 4 
5 7 0 & ll t {) ‘ { 
Average 5 ] A verage 11.9 Ave ¢ Average 
61-1 13.8 6 |! 75-4 47.9 1 a 
2 o 10.6 6 2 8.1 0 
ee 10.4 t 3 0 0 
4 24. 1 t 4 7 { 
5 39.0 4 5 12.3 F ) 
Average - 23. 6 3 | Average 19.8 d Average A verage “ 
62-1 2.3 0 76-1 ‘7.7 ' ” 104-1 8 5 
2 12.0 6 2 1 2 : 
2 9. 7 6 3 0 0 3 
4 16. 2 0 4 95.6 { 4 
5 15 4 0 5 4. ’ a 
Average ; 16.1 2 || Average 25.2 l A verage A verage 7 
63-1 62.4 4.4 77-1 11.8 91 0 05 
2. : 74.0 2.9 9 ¥ 0 0 0 
3. 17.6 6 3 12.3 0 rs 
4 22.6 6 4 8 0 0 { { 
5 : 36.0 1.32 5 7.2 ; r : 
Average : 2. 5 1.9 Average 10.0 A ze ( 0 A Verage t 
64-1 3.8 0 78-1 2.9 4 92 0 0 106-1 2 
2 2.9 0 2 2 0 0 U - . 
3 7. 0 3 7 0 ( 0 ; 
4 24.7 6 4 7.5 0 0 0 { 
5 " ¥.8 0 5 Rg 5 0 0 F 
Average 9.8 l Average 6.5 A 0 A verage 0 
65-1. See3 14.9 ? 71 9.8 9 } 107-1 0 
7. 10.2 6 2 12.8 0 0 0 2 7 
a 20 0 3 6 0 0 0 ; 
a e 7.9 U 4 9 0 4 0 0 4 1 
ee 41.7 6 5 0 0 o . : 
Average... 15 2 Average 6.4 Ave € Average \ 
66-1. eveseuee 1.0 u 80-1 14.6 0 94 28 f 108-1 ; 
. = itd. 1.6 0 2 0 0 lf 1 2 
a ‘ s U0 a 0) 0 0 0 4 
EE s 0 4. 7 0 4 8 4 4 
ee * 4.3 0 5 0) 0 F 60 5, 
Average 1.7 0 Average 3.7 0 Average 22 A verace 2 Ave 
a 4.7 0 81-1 37.6 ;. 95 0 109-1 6 - 
0 0 2 0 0 0 0 2 
ib aimee . 3. 3 0 3 &.8 0 0 0 3 
a “ 2.4 0 4 6.9 0 0 ) 4 
inlemstattiiets 1.5 0 5 12.1 0 3 0 5 
Average...__. 2.4 0 Average 13.1 Average 2 0 A verge \ 
68-1_._.- . 0 0 82-1 38.2 06-1 ] 10.3 110-1 “4 
2. ‘ 3.4 0 2 ‘ 4.6 : 2 0 0 2 
3. 0 0 3 0 0 3 0 0 3 
4 6.3 0 4 0 0 1 14 ] H 
5 ents 25. 0 6 Oe 91.5 1, 1 r 5 
Averaze__.- 6.9 1 || Average 12.9 | Average 12 3 Average Ay 
69-1... 0 0 @3-1.... 3.6 ; 97 25. ¢ 5 111-1 . 
| 0 0 Beede 4.0 0 2 + ] 2 8 
as 0 0 3 0 0 3 0 0 3 
C..5 0 0 4 3.5 0 { 0 0 4 : 
§.. 4.9 0 i 5 11.0 ; 21 l 5 5 
Average -__- 1.0 0 || Average 4.4 Average 10 ] Average Y Aver 
70-1. ....--...... 15. 6 -6 || 84-1 21.9 ' 98-1 14. 3 112-1 26-1 
| . 10.9 0 2 0 | 0 2 2 0 0 2 7 2 
Sr 0 0 3 0 0 3 0 0 is ) 
Se 21.7 4 4.9 | 0 eet 2 0 0 4 3.1 i 4 
_ SE ees 26. 5 -6 5 11.7 5 5 3 | RS 11.0 j 5 
a, 14.9 | -2 || Average 7.7 : Average ___ 3 Average_.__- 2 | \Verag 
7 i 
1 Not included in average. Slab not tested. 


3 Average of 4 values. 
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TABLE 5 Percentage of honeycomb in slab Continued [At 5 P } Continued 


Hone mt 
ibn t — 
Ire | Break 
I é Pe f i I nt | 1 
5 | ( 
5 } 
0 i 
) f ) 
i Average ‘ 
) DN 2.4 
} a 
i 9 ¢ 
\ verage - 
; uu » t 
} 0 
g 
Avel ‘ 
g ( ( ‘ g 
) 
1 s 
s 6.5 
{ f ( 
re) ) 
‘ { ) 
a 0 
; Ave t 0 
‘ e - ‘) 
) ‘ 0 
14 { 6 0 
F 0 
Ave t A 4 0 
9 ‘ ‘ Ss 0 
‘ 2 } es 0 
0 { ; t 0) 0 
12.8 f 4 s { 4.7 0 
30. 5 2.4 2 0 
14. § 7 A verage 2.3 ] ¢ A Verage 2 ¢ 0 
8.8 6 |) 134-1 2 s 8 2 27. 1 5 
41 ( 2 23. 1 2.4 
5.8 3 i 0 
4 i 4 6.0 ) 
6.7 t é 20.0 ee 
0 s Aver ti ‘ A ve ri 7.0 
‘ 2 +9 9 
s.4 ( 2 () 0 
f 0 ( 
4.6 0 4 5 5. ¢ ) 
th. € 44 7 0 
\ - { Average t 4 ¢ 2 2 
6. f 6 f 144.8 0.9 
29 ¢ ’ mg 0 
Ls 0 ; ( 2 8 0 
4 0 ( 1 9.4 6 
( t 5 ( 60.0 2.9 
\ 4 A verage \ t Ave é 24. 6 9 
- } 0 137-1 Ss 0 0 
~ wu 2 y { oO 
0 0 ; 0 0 
0 0 4 5.Y 0 
BI 0 &... 2 ) 7.8 0 
‘ 2.2 0 Average. ;. 4 \ verage , Ave c 2.9 0 
4 14.3 9 138-1 ; 2. ¢ 2 : 62 6.4 66-1 3.7 0 
0 0 9 . 0 y + v0 0 
0 0 a. ( 0 0 0 
10. 2 3 4 ’ t “2 2. 1 0 
15.0 6 5 22 6 t 28.9 3 
ive 7.9 4 Average { 7 Average 29.9 A verage 6.9 1 
“ 2.8 0 139-1__- oe { 2 f 67-1 6.3 0 
. 1.1 0 . a L 2.2 ( 2 2 2 4.6 0 
3.2 0 S. . s ( ( 3 0 0 
: 0 0 4 t ( t 2 t 1.9 0 
Ay 6.5 0 5 6. ( : 28. ( 4.6 : 16.0 6 
ver 2.7 0 Average j 5 A verage 7.8 1.0 Average 5.8 1 
- 8.1 .9 || 140-1... .. . 2 2.7 154-1 3 0 168 2.6 3 
é 9.8 0 , — ‘9 0 2 Ss v - 3. 2 0 
0 0 3... ie 5 1.4 0 
‘ 3.8 0 re 0 ' 0 ‘ 1.0 0 
ie 66.3 3.1 ES i 4.1 5 3. I 5 3.2 0 
Crag 17.6 -8 || Average_- ‘ i 4 4 verage ( ( Average 2,3 1 
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TABLE 5. Perce ntage of honeycomb in slabs 


Honeycomb 
Slab no 
Bottom Break 
Percent Percent 
169-1 19.6 0.9 
2 9 0 
2 0 0 
{ 7 + 0 
ee. 5 0 
Average 7. € 2 
170-1 1.4 0 
) 0 0 
3 0 0 
4 0 0 
5 18. 5 0 
A verage 4.0 0 
171-1 34. ¢ 4.2 
2 1.0 0 
3 0 0 
4 1 2 0 
5 68.3 Q 
A verage 23.4 1.0 
172-1 0 0 
» 0 0 
, ai i) 
4 0 0 
5 n 0 
A verage 0 0 
173-1 2. ( 0 
2 0 0 
3 0 0 
1 0 0 
5 g 0 
Average f 0 
174-1_. 2” 0 ¢ 
9 4.2 0 
3 0 ( 
4. ) ( 
5 44.1 ) 
A verage 15.6 
175-1 2.4 0 
9 Ff 
3 1.1 0 
4 ey 0 
5 14. ¢ 6 
Average 4.7 2 
176-1. 12. § 0 
9? 6.5 0 
3 0 0 
{ 10.2 3 
5 34.9 1.2 
A verage 12.8 
77-1 7.2 0 
2 11.7 0 
3 7 0 
4 § 2 0 
5 3.5 0 
Average 6.7 2 
178-1 2 4 13.0 
2 12.5 3.7 
3 0 0 
4 21.7 5.1 
5 40.6 10 
Average 21.4 5.2 
179-1_. 1.7 0 
= 0 0 
 & e 0 0 
4_. 2.3 0 
SS Soe 5 58 9 
Average -. 2.0 2 
180-1__ 3.9 bet 
Soe 5.7 0 
3 9.8 0 
4 - ¢ 0 
5 g 0 
Average_-- aaa 4.7 2 
181-1_. 13.3 0 
2 3.8 0 
. 1.f 0 
* 3.5 0 
: 9.0 0 
Average_-_-.-. 6.2 0 
182-1_. 15.8 2.4 
2 418 0 
3 1.2 0 
4 14.8 6 
ree. 23.5 0 
Average____. = 12.4 .6 
183-1 19.0 9 
2.. 8.1 0 
3 2.1 0 
_ er 2.0 0 
_ eee 27.6 3.3 
Average_.... 11.8 ‘ 
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TABLE 5. 


Slab no 


Percentage of honeycomb in slabs 


Honeycomb 


Bottom Break 
Percent Percent 
22 0 
L.4 ( 
g 2 0 
14 2 
10 « 
6.2 
6.49 
20.0 2 
4. ] ( 
( 
( ) 
4 
t 
“¢ 
i 
s j 
s , ‘ 
; i 
4s. ( 
ii 1 uv 
st) l 
17 t 
1Y. ¢ 
4 
10.8 
12.8 J 
4,1 ] 
| t 
i 2 
4/ ; t 
70. 4 } 
0 x3 
t l i 
10) i 
2a. ¢ 
Yu 
2 
2 » 
6. 1 ( 
14.8 
OF 9 
2. +0] 
e ‘ 
13. 2 Uv 
18. 1 3 
{0.8 . 
4). 1 | 
14. ( 
35 6 
19 2. € 
IF 2 15 
22 9 2g 
11 » i) 
ff { 
R 2 be! 
24.4 - 
14.2 i 
91.1 11.8 
4} 9.4 
15.3 0 
10.9 7.9 
95.3 13.0 
SAS 8.4 
6.2 0 
} 0 
1.7 0 
21.9 3 
17 6 
10. 6 2 
3. § 0 
4.6 0 
4.3 0 
13.7 0 
3.3 0 
5.9 0 
5.2 3 
4.5 0 
1.7 0 
21.9 6 
10.9 6 
8.8 3 


Slab no. 


244-1 
3 
4 
Average 
245-1 
4 
Average 
ov 
; 
Average 
247 
4 
Average 
248-1 
t 
Average 
249-1 
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Average. 


Average 
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tinued PaBLe 5.—Perce ye of honeycomb in slabs—Continued 





























Honevec b ! 
Hone mt Honeycomb 
Bott Break pb 
I Bottom Break 
Percent | Percent we 
4 7 } Perce Percent | Percent 
24 6 : y 2t 18.5 | 0.6 
7 0 2 17.3 2.0 
6.4 ; ; 7 2 
0.1 ( J = 4 1.5 0 
20.8 i 95. 3 ‘ 
Ave € é € . 5 : : 
16.3 y 4 
2 ¢ 2 t { 7.4 0 
‘ ft) 0) o 
" 9 ‘) o 
109 ; { 0 0 
i 4 t ] 0 
Average 7 0 
( 0 
( 0 ‘ 0 0 
ra 0 a) i) 
( 0 0 0 
{ { 4 0 0 
4 0 , 0 0 
ri A ver € 0 0 
0.8 
0 ot 268 4 0 
( 1.6 0 
{ 8] U 0 
‘ ] 4 f o 
. 6.4 0 
A verage 2.6 Oo 
( 8.3 0 
, ( 19 0 
( . 0 0 
( ( 0 0 
( 0 1.3 0 
A € Average 2.9 0 
| t 0 
{ ( » 4 0 0) 
( ( . 2 0 0 
if] { 
; i) ) 
- « ? hvu fh 
) 
4 0. ¢ 2. 
‘ 4 € 3. 3 6 
1.2 0 aX 
- U 
| Dl T +. 
= ¢ FP | ; 
[TP Qs . 
14. ( 3 f | 
0 0 { < . | 
0 0 } | | | 
0 0 ¢ | 
) | 7 ; 
9.9 0 | QD | | ' ° 
9 ) | | > 
| | | | 9) 
48.7 8.4 " | | 
24.4 4.0 n | | 
9 0 SA» | " | 
h- 7 », \ q | | | | 
- ) 1» ! | 
24 > 4 YA | > | | 
- a7, 1 | ! 
2s 4.9 | 4 ZZ | | 1 
. O22 l j | { 
ae. ( v0 = a A 
1.4 0 aie a ~ 
0 0 
0 0 DEPTH OF HONEYCOMB {TOL INCH #88GREATER THAN LINCH 
0 | i rai - 
| ( 9 : 
5s | Fy jURE 2 DisTRIBt TION OF HoNnEYcomB at Botrrom or 4 
SECTION (SERIES B) Havine: Base Mrx; STanparp FINISH; 
2.4 0 SLi > 2 F St 4 vars : Se ie 
0 | A SLUMP OF 2.5 INCHES; AND 10.1 PERCENT HONEYCOMB. 
4.0 — |f 
4 3 777, 7 = _ 
ot | | 
14 0 CFA | 
1. ( 0 | 
10 0 | >> | @ 
15.7 0 GF, Py 
20.8 eS — a! 
" 1 | | 
ma | 
7 3.7 | | re) 
24. ¢ 2.4 | . ! 7 
0.3 6 ! ' 4 
is Gg 3.Y ' | 
SS. 0 S 
* ! 
20 2 4 
6.7 0 | | 
OS Y | 
03.9 7) x-_—— —10'- 9” —— 
8 2. 0 
as | DEPTH OF HONEYCOMB 7 TOS INCH. 38 GREATER THAN SINCH, 
1.2 | FiguRE 3.—DuIsTRIBUTION oF HONEYCOMB AT Borrom oF a 
& 2 Qrom Qin +3 re Ven zk > 
“a SEcTION (! ERIE! B) Havine: Base Mrx; Stranparp FINISH; 
gg ! , Stump OF 1.2 INcHEs; ANp 40.8 Percent HONEYCOMB 
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" ‘ TABLE 6 Re lis of strength tests Continued 
: NI fr ture Cr hing stre 
| ive of 0 Ss {14 
| 
l é é ( I ( 
OAy 5 
’ 1s Q 
a ; A Pants 8 P 
SUS ~ f 
DEPTH OF H JE M - T NC REA HAN > NCH 2 
Figure 4 DISTRIBUTION OF HoNEYCOMB AT BoTTomM OF A a - sal 
SECTION (Serres B) Havina: Base Mix; ViBRATED; A SLUMP 4913 es f 
oF 1.2 INcHES; AND 8.8 PeERcENT HONEYCOMB Rs 
$-\ ’ 2 Oe 
— WA 1 I A \ aN “ 
X ys ] / { | +s RQ 1 
\ ] t / | 67 f 7 
VI | ~ ‘ 
' { i" 
| ) ) 
SB Ap / ; 
€ 4 | { 
BY | 
ny 2 0% 
‘ } | 
oo, x v } U | - 
2G | ~ - 
, {\ } | 
ys) 5 ‘ | \ Th 
yy A | 8 
/ 4 { 4 | 
V/A VJ sf } 
el an | | 
a ky . : 
as sey | q 
| fe) | y x 
= 
ne ~ f 
8): TH rc us T A + ae 
DE " r 4 : 9 - 
Figure 5.—DiIstrisuTion or Honeycomsp at Bottom o1 gg 0b. 
SEcTION (SERIES B) Havine: OnE Part or Coarse AGGRI . 
GATE ADDED TO Base MIXx; VIBRATED; A Stump oF 0.8 IncH 48 
AND 20.4 PeRcENT HONEYCOMB. - : 
TABLE 6 Re trength te 
4 4 
7 " S f u 
g ; i {14 - 
—_ » : 
| ¢ ( tro | ( } 
( : 
Lb y “= I : : 
‘ $s TUM 
1-S 3 { 4.9 4 
2-S 69 f 6, 40) ’ 8 ‘ 
-V_ 682 g2 628 14 
4-V_ 643 oll H09 RIM 
5-V 6% 7, 270 1( 196 
6-V 64 430 34 4583 
7-S 68 S21 {80 662 ) 
g-S 688 . 2 On r 686 af r ”) 
9-\ 2 7 8 450 ) l 
10-V 6. 880 OR 6 ‘ 
11-\ 4674 6. 620 Ri GAN 6.4 
12-V_. 9 6. 920 ( ys Rs 
13-S_ C4 7 0 . hi 50 
14-S f 6 7.930 6. 030 f f f 
15-V j 7 54 6. BTC 2 ( 
0 17 7 24 f ) 2 
7-V ; 4 6 8" 080 5 19 
18-V 7 6, 800 10) ) 10 
19-S 656 ) f ) TAO $2 sO 
20-S 637 634 8 3A0 RIK 671 f 6 BRL 
21-V 681 8 ORO 6. OM x 619 Fy 
22-V } 120 5 $Q i 64 
23-V H92 7 ”) HOS a. | 
24-V Hot 7,100 ( 11 Re 
25-S ‘a 6st 68 8, 410 ao at 6s . 
26-S ‘ 60 669 &. 030 1 7 5 
27-V__. = 750 & 300 { 6AQ 79 6. 260 
as 712 R. 180 44( 659 633 6. 840 
29-V « 7 7, 880 68 ’ 241 
30-V . 712 7 An 2, 65 ( ( 
| eer 88 1 74 7, 760 €. 476 ee ‘ 6, 621 - 
-S8 ; R34 vi & B00 ‘ , 2 
Hi et one a AD 1 OU lab values are the average of 5 tests unless otherwise noted All 
34-V_ 2 5, 380 0 ¢ e average of 4 tests unless otherwise noted 
oe vo 884 8, 060 6,19 ? All core values are t average of 2 tests unless otherwise noted 
. . — 8. 400 6, SAK 1es are the average of 3 tests unless otherwise noted 
aaa ° de . - 8, 350 6, 090 ? Symbols used indicate: S-Standard finish. V-Vibrated finish. 
37-8 ween n-ne -------- 536 720 7, 171 6, 640 ‘ A verage of Ik than 5 tests — 
SER ;: ae 4876 807 7, 540 6, 570 5 Average of 3 te 
a 
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Specific gravity of slab no. hiciaaiiegiiill si 
l f slab no — a 
Section no ne $$ Specific gravity of 
—$—$$—$— vity of slab no 
| 1 A | a ab n Absorption of slab no. 
3 5 Aver- , - . oe Sex n no —— = 
; age | 3 5 er- = =m - 
= - x | age | l 3 F A ver- , 
. ee | = | age i 3 5 A ver- 

‘ ere > } age 
4 : 4 2. 40 2.44 2.42 ne ~~ Percent Percent ie - = 

Sai «. 4 2. 3! ? a 2 26 ‘ ) 

45..-.- 2. 42 ? “ > os 2. 40 4. 38 4.50 ; 62 . 42 142. . 2 38 » 2g Percent Percent Percent |P. 
ne 2 42 > 4 2. 41 2. 41 4.2 4.62 ws oe 143 > 40 2 4 pe 2. 38 5. 02 } 09 ee Percent 

7. = ae 2. 40 2. 41 2.41 4.12 0 4.31 4.39 | 144 > x “. 3e 2.41 2.41 14 : . 5. 0 
48. 2 41 2.42 2 42 2 42 18 4 60 4.29 $34 14 sy 2. 38 2 40) » 39 ; { 4.43 4.61 
7 ‘ 2 41 2 40 2 44 = 43 18 4. 24 4.11 4 18 146 2. 3t 2. 3¢ 2. 36 > 3¢ 1.94 19 1.93 5. 02 
50. 2. 42 2.41 2.42 2 42 ry 4.37 4.15 428 | 447 <. 2.3 2. 37 > 37 = 4 43 5. 38 
51 . 2.36| 237} 237| 237 £16) 44 4.11 425 | 148 2.38 | 2. 3¢ 3 9 37 = 17 10 1 

-- 9s 92 2 » O4 oO. dd 5 47 e 24 ~ i - “ S e. 36 37 
52... ; 39 2 2. 36 2 38 SOO 5. 47 5. 36 5.53 | 149 2. 37 2 38 2 38 > 38 66 2 38 
a... +o cal cal aml aul cn 5.33 | 15 a) So 2. 3t 2. 38 O4 “4 52 3 
54 "| 2 2. 38 2.39 4, 98 an 4. S} 4.89 151 =. ae 10 2. 40 4. 4 ; 4 5. 39 
ss aad 2 41 it 2. 40 2 40 +70 a. SO 5, 22 4. 90 2. 34 2. 38 2.37 > 26 - 3 02 4.9 
abs hina, —s 43 z 2.41 2.40 4 ON 4. 94 4. 63 4.77 3 2.3 2. 3€ > 3¢ 2 26 hg 14 29 54 

ee 241} 239) 243| 241 5. Ol oe) &e 4.93 | 154 2.36 | 2.3 230/237! 4.93 26 27 
he 7 > 1 « & oO. 7 rl = oF Yy « 

58. - 2.32 | 12 33 2 34 2. 33 | 5 13 “3 97 4. 53 4.84 : 2. 39 23 0 > 38 ; = s 4. 64 4 02 
-..... 2.33) 233) 234] 233 ca| nal aa 1.04 40) 24 239| 240, 4.72 62| 4.79 512 
60. . 33 2. 34 2 35 2 34 4 an 5. 09 4.35 4.79 _ 2. 338 2 3 9 38 - 7 « 13 4 98 4.94 
61. =o 2. 33 2. 36 2. 34 487 oe 4. 44 4.59 | 158 oa : 2. 38 2 3! 2 . 5. 24 
62. 235 | 233) 234) 234) 4 | fal fa 4.84 | 159 2.38) 236) 237 ool cal se 3] 3 
63. | 2 33 a 2. 38 2. 36 4. 58 ; ro eo 4.59 160 $ > 2. 37 2. 37 { o> * Ol 4.73 5. 02 
64. . 34 2 ~ 2. 35 2.33 4.90 4 = ; 43 4. 52 1¢ - + 2. 3t 9 38 2 33 + 01 4.83 4 8¢ 
65... “af 2.3 2. 32 2. 33 e on £. 00 4.79 62 mo 2 2. 39 9 37 } mds 4.8 5. OS 
aes : + 2. 2. 34 2 32 ; “4 e- = 4.92 163 = 2. 38 2.38 1. 60 4. 90 ] 

” ip abehtenapaarsts > 34 2. 33 2.34 2 34 4.56 ». 39 4. 43 5.09 | 164 2.3 2. 38 2 , aR . ) 4. Of 4. 
— 2. 35 2. 34 2.35 2 3 1 74 o 4. 26 4.56 | 165 = 33 2. 38 se 2 37 187 or ; 

: 9 39 9 2° p c <. 30 d ¢ ed pa 0). 2 ) > é. oF Si , oo 
69. ° = < 32 2. 36 2. 33 5. 40 eo 4. 94 4.76 166 pe & oD 2. 39 2. 38 5 14 <u Ot 
70 ~ a.¢ 2. « 2. 35 » 34 : 0. a 4. 66 510 | 167 2. 41 2. 38 2 38 > ‘ 4.5 4.7 4 
ao - 2. 36 2: 9 35 é. 34 4.99 4.94 5.12 5 02 | 168 2 37 > 28 20 2. 39 4.62 Os nd 5 or 
9 2% 4 a. 2. 39 ; - pio - } . 6 “ 2 38 5 OF me - v 
= Sf + 2.31 2. 32 | He ree a #2 52 | 169 a4 2. 38 2.41 2 40 4 72 nig 4. 6 4.80 
_. Saag ees 2. 2 2. 34 2. 33 4.58 ee 5. 36 10 | 170 2. 40 2. 39 2. 40 > 40 4.53 ; 4. 63 4.8 
valet: | 23 2.34] 2.36 2.35 4.67 _ + 0s C7 | 371 ap . 2. 3t 2. 36 1 : mee 4.72 
“gd ie - . = 2 33 | 2. 34 2 33 4.87 : = 4 12 4.40 72 2. 3 2 9 2 37 - ‘ 5 4h 
76. zis 2 36 9: 2.37 2. 35 4. 63 4.43 - pa 4.55 173 ae mo 2. A 2. 38 5 10 r? u 5. 2 
. 22S aieee = a “. 2. 35 235| 4.18 ‘ ‘1 3. 9S 4.3 174 2. 4 2.38 2 43 2 4] SB 43 4. 5 14 
8 2. 32 2. ; 233! 2321 ‘ 4 4.35 4.31 - 2. 38 2. 42 s oe 4. 89 4.2 ‘ 
sSeo- 2. 33 9 : ; & 35 4. 98 5. 10 92 : li » 40) “ 2. 39 4. OS 4 20 
79 : - 2. 33 9 33 . AF 4.92 . 00 - 2. Al 2. 39 49 : 9 2 ( 47 
sva-- o 2.31 2: > 2% oe 5. 07 4. 87 4.78 Iie > 40 oe 2. 40 1. 78 19 ‘ 

80. 2 3 2.32) 2.32 2. 32 4.95 4. 66 vie 4.91 177 > 40 2. 40 2.40 4 62 ee 4. 48 4.74 
eee ee = = 2. 2. 33 2. 33 4 92 4.87 a 4.81 | 178 $ 2.3 2. 35 2. 3¢ 5 35 pe 3 4. 5 
" a - a. Ox : 9 27 = ‘ ) ¢ | « ( F . 

82. ° 34 2 2. 37 2 34 491 ret 5. 00 4.93 | 179 2.40) 2 2.38 2 38 4. 8 ‘ 

83... 2 3 a 2.36| 2.34| 4.58 oo) <a 4.67 | 180 2.39) 238) 238) 2.38 1:79 ~ 0 Os 

84 | oe = 231| 233| 470| 463 +e 4.43 | 181 7h weed ae 2. 39 te — 4. 88 

ee | 23) 3 2.32) 2.33 , | eS 4.84 | 182 + 2. 38 42) 2 =) * 5. 08 1 Gs 

glee tala -ee-| 231) 23 233} 232 eo 1.05) 5.13 4.46 | 183 sal sai sael Sat xa 5. 2 4.58 4 84 
ed ee as i ee 3: 2. 32 9: - 46 2. 42 2 42 46 { 

_ AMeuRegatea | fat 2 cos) cus| aael sat aa 4.75 | 184 231} 232) 232) 232] 5 a) acs] 64 4 
TEER 936) 9: 2.33] 2.33 418| 4.59 4. 66 4.33 | Iss 2. 33 2 9 32 oon | tae OF 9 | 
RARE 236) 232) 234) 234| 405) 468 | 472) 4.50 | isn 234| 233| 234| 23) a43| ano) are] 4 
90 $ 4 Be 2. 36 2 36 5 64 | 95 45 27) 4.33 | 187 pes 2. 32 2 2. 34 4.49 “1 4. «4 4.¢ | 
91. : 5 = 2. 35 2. 37 2. 36 5. 46 f — 5. 39 5. 49 SS a = 2. 34 2.32 4 | 9 4. 66 4 
92... | S301 3 338; 237| 498| s86| 522 5.46 | 1x9 2.36) 234) 2 235! 4.51 ~I ie 4 
93... Si ls > 41 < 2. 40 2. 39 4.87 r4 1 . aa 5.35 | 190 ~o <. 34 é. 34 2. 35 4 oc ao 4.4 
94 : _— - 2 2 40 2 39 + 80 5. 14 4. 89 | 4 98 | 191 2 oN 9 32 2 oN = 4.2 4 4 57 44 
95__. a ee 2 1 2.37 2.38 $97 . 50 4. 78 503 | 199 2.3 2. 32 ) 39 2 32 * 1. O 84 5 ( 
PO... 9 2 “* ‘ 5 rer ae Ie 9 +. 06 «. 36 , ‘ 

96... | 234] 3 2.36/ 235| 6.09) 5 =| sel ee | 193 sos 2.32; 231 Oe ~ mo) fs 

97... 237| 2 238| 236| 5.86| 521) 5.27| 5 65 | 194 2.33) 231) 233) 232) 4.80 + ‘) 5 
a Ps 37 = 2. 36 2 36 5 12 - 35 -s “i ». 45 195 é 33 9 39 9 39 2 32 hy 24 4 0 
99 240| 2 235| 237| 549| aa4| 534 5.31 | 196 234 233| 233| 233! a2] 509] 49 
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TABLE 7.—Specifie gravity and absorption of concrete slabs—Con. 
Specific gravity of slab no Absorption of slab rt 
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It will be evident from the foregoing that the major 
comparisons regarding the efficiency of surface vibrating 
equipment of the types now generally available are 
furnished by the tests in series B (see table 2). These 
results will therefore be presented first and the detailed 
discussion will be followed by a brief discussion of the 
results for series A and C 

The general effect of vibration on the strength and 
uniformity of concrete, as revealed by results obtained 
with machines A and B using both crushed stone and 
gravel, is shown graphically in figure 6. The average 
results of tests on 26 sets of 6 or 7 sections each, involv- 
ing the standard operation of the vibrators, are given 
in this figure. Standard operation for machine A is 


WAT M 
‘ 
N f A 
Q 
A f - 
PERCEN 
+ RE ‘ 
A ¥ Neato Pens Opry 
on 
5 + a4 
- > * 
NIFORMI + 
ERCENT y 
A NIN T 
RAGE HONEY MB 
NM | 
ME 6 ¢ 
R F 
ale . . 
Sb Q a a 


Fig 
SERIES B. 
‘ND B. 


| defined as two passes of the machine, with both screeds 

vibrating. For machine B, standard operation is 
defined as one pass forward and back with pan vibrating, 
and a second made without vibration. The 
sections selected for study in the various figures can be 
identified by reference to table 2. 


pass 


REDUCING SLUMP TO 1 INCH INCREASED HONEYCOMB IN NON- 


VIBRATED CONCRETE 


In figure 6 the upper portion of each of the four blocks 
shows, for each variation in mix, (1) the relative flexural 
strength of the test slabs; and (2) the relative crushing 
strengths of cores drilled from test slabs expressed, in 
each case, as percentages of the strength of 2'-inch 
slump concrete finished without vibration. The lower 
portion of each block shows the corresponding data on 
uniformity indicated by: (1) The average percentage 
of variation in flexural strength of the five beams taken 
from each test slab; and (2) the average percentage of 
honeycomb in the slabs. Reading from left to right, 
the data shown in the four blocks indicate (1) the effect 
of increasing the amount of coarse aggregate in the mix 
while maintaining the water-cement ratio constant; 
2) the effect of the same variation in mix for slabs 10 
inches thick; (3) the effect of increasing the amount of 
both fine and coarse aggregate; and (4) the effect of 
changing the ratio of fine to coarse aggregate while 
maintaining the cement content constant. 

In addition, there is alse shown in each block (1) the 
relative strength and uniformity of standard-finished 
concrete having the same proportions as the base mix 
but with the water content reduced to give about a 
l-inch slump; and (2) corresponding data for vibrated 
concrete of the same mix, consistency, and water 
content. 

It is evident from the preceding discussion that by 
means of figure 6 a number of comparisons can be made, 
including: 

1. The effect of changing the slump from about 2% 
inches to 1 inch by decreasing the water-cement ratio 
with no change in the method of finishing, that is, 
without vibration (second panel in eacb block). 

2. The effect of vibrating this l-inch slump concrete 
third panel in each block 
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6.—EFFect oF VIBRATION ON STRENGTH AND UNIFORMITY OF CONCRETE FINISHED BY STANDARD OPERATION OF VIBRATORS, 
Eacu Point Is THE AVERAGE FOR SECTIONS ConTAINING CRUSHED STONE AND GRAVEL FINISHED W1iTH MACHINES 














Mix CoNncRETE 
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APPEARANCE OF 1-INCH 
AFTER First Pass or 


3. The effect of vibrating mixes harsher than the base 
mix, but having about the same water-cement ratio 
(fourth, fifth, and sixth panels in blocks 1, 2, and 3). 

4. The effect of vibrating mixes harsher than the base 
mix, but having about the same cement factor (fourth, 
fifth, sixth, and seventh panels in block 4). 

In studying this and subsequent charts, it should be 
recalled that in virtually al] cases five slabs and three 
cores from each section were tested. Therefore almost 
every point in the diagrams represents a number of 
individual test values equal to five times the number of 
sections in the case oi flexure, and three times the num- 
ber of sections in the case of the cores. Resuits of 824 
flexure tests and 498 compression tests are thus repre- 
sented in figure 6. 

In discussing figure 6, the several comparisons al- 
ready noted will be considered in the order indicated. 

The effect of reducing the slump to 1 inch without 
vibration is considered first. 

In two of the four groups the average flexural 
strength was increased approximately 5 percent by 
reducing the slump to about 1 inch with a correspond- 
ing decrease in water-cement ratio. In the other two 
groups, one of which represents tests on the 10-inch 
sections, a slight decrease in flexural strength is noted. 
A weighted average value for the 22 sections of 7-inch 
concrete indicates an average increase in flexural 
strength of about 3 percent. 

The average increase in flexural strength of the cor- 
responding 22 sets of control beams was approximately 
7 percent, a value that may be said to represent the 
normal increase in strength of the concrete when 
tested in the usual manner, that is, in the form of 7 
by 7-inch beams molded in accordance with standard 
laboratory procedure. 

The smaller increase in strength shown by the slabs 
as compared with the beams probably results from 
the lack of workability of the 1-inch slump concrete, 
as placed in the pavement. This has been noted in 
previous reports. 

The lack of workability of the 1-inch slump concrete 
is also revealed by the high percentage of honeycomb 
found in the slabs. (See second panels in lower por- 
tion of each block and compare also figures 2 and 3.) In 
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every case the tendency to honeycomb was markedly 
increased by decreasing the slump to 1 inch without 
vibrating the concrete. This same trend was noted in 
the earlier work and furnished the justification for the 
sureau’s requirement that 2-inch slump concrete be 
used in pavement construction, 

Decreasing the slump to 1 inch slightly increased the 
average variation in slab strength in all three groups of 
7-Inch slabs and substantially increased the average 
Variation in the 10-inch slabs. 

In the matter of crushing strength of the cores, a 
weighted average for the 22 sections 7 inches thick 
shows an increase of about 6 percent as the result of 
reducing the water-cement ratio by 0.09. The average 
increase in cylinder strength for the same 22 
was about 14 percent, which is about the amount that 
would theoretically be expected from a change in the 
water content of this magnitude. 

The reason why the cores did not show a correspond- 
ing increase in strength is not definitely known. All 
were drilled from nonhoneycombed areas and it was 
expected that they would reflect the effect of changing 
the water content to about the same extent as the 
evlinders. However, attention is called to the fact 
that the cylinders were rodded in accordance with 
standard laboratory practice and that the standard- 
finished slabs made of 1-inch slump concrete were 
probably not adequately consolidated. 


sections 


EFFECT OF SURFACE VIBRATION EXTENDED ENTIRELY THROUGH 


SLABS 

The effect of vibrating 1-inch slump concrete of the 
same proportions as the base mix is considered next. 

These values are shown in the third panel of each 
block in figure 6. Increase in flexural strength of 
vibrated concrete as compared with the base mix 
ranged from about 7 to 9 percent, with a weighted 
average for the twenty-two 7-inch sections of about 8 
percent, or 5 percent higher than the nonvibrated, 
l-inch slump concrete. The 10-inch slabs showed about 
the same average increase in strength as compared to 
the base mix. However, in this group the strength of 
the l-inch slump, nonvibrated concrete was slightly 
ess than that of the base mix. It is probable that in 
the case of the 10-inch slabs the lack of workability of 
the 1-inch slump concrete resulted in less uniform con- 
crete under the standard method of finishing than in the 
7-inch slabs. This is indicated by the relatively high 
variations in slab: strengths shown for the nonvibrated 
concrete having a 1-inch slump. 

The uniformity of concrete in the three groups of 
7-inch slabs as revealed by the percentage of honey- 
comb was improved somewhat by vibration. In 
ach of these groups, the average amount of honeycomb 

| was slightly less than that shown by the base mix. In 
the case of the 10-inch slabs it was slightly greater. 
However, in all cases the amount of honeycomb in the 
l-inch slump, vibrated cencrete was very much 'ess 
than in the similar mix finished by the usual method. 
(Compare also figs. 3 and 4.) . 

The comparatively large amount of honeycomb fo ind 

in the 1-inch slump, vibrated concrete in the grou) of 
| 10-inch slabs may indicate that, for this depth of :ec- 
| tion, a slump somewhat greater than 1 inch would p ob- 
| ably prove more satisfactory when vibration is t: be 
| used. This is indicated by the improvement in n- 
' formity shown in the vibrated sections in which the 
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average slump was 2.2 inches (panel 4). The very 
substantial reduction in the tendency of the 1-inch 
slump concrete to honeycomb on the bottom when vi- 
brated seems to indicate definitely that the effect of the 
surface vibration of the concrete extended entirely 
through the slabs. This has been a disputed point 
ever since vibration was introduced. 

Except for the 10-inch slabs, the average variation 
in slab strength was about the same as found for the 
base mix. The 10-inch slabs showed considerably less 
uniform results for the drier mixes. 

The crushing strengths of cores from the twenty- 
two 7-inch sections of 1-inch slump, vibrated concrete 
averaged about 9 percent higher than for the base mix 
and about 3 percent higher than for the l-inch slump, 
nonvibrated concrete. The crushing strengths of 
cores from the 10-inch sections showed about the same 
relative improvement. The increase in strength over 
the 1-inch slump, nonvibrated concrete was probably 
caused by vibration. This 


laid on different days than do factors such as depositing 
and spreading, which affect the uniformity of the con- 
crete within a given section. 


VIBRATING ENABLED REDUCTION IN CEMENT CONTENT WITHOUT 
SACRIFICING STRENGTH 


The effect of vibrating mixes harsher than the base 
mix is considered next. Mixes having a constant water- 
cement ratio and in which only the quantity of coarse 
aggregate was increased are discussed first. Data for 
the 7-inch sections are shown in the fourth, fifth, and 
sixth panels of the first block of figure 6. 

In these sections the water-cement ratio used in the 
base mix was maintained constant, the slump being re- 
duced by the addition of coarse aggregate to give aver- 
age values of b/by of 0.78, 0.80, and 0.82 as compared 
with 0.72 for the base mix. It will be observed that 
the average flexural and compressive strengths are both 
almost exactly the same as for nonvibrated base-mix 





is indicated by the fact 
that the control cylinders, 


concrete. The uniformity 
of the concrete as measured 


eae , ’ ee a by the percentage of honey- 
which were not vibrated, PRACTICAL APPLICATION OF FINDINGS comb ~t also about the 
had almost exactly the Depending upon the objective sought, exist- same, although there was 
same average crushing ing specifications for pavement concrete may a tendency for the amount 
strength as the control be modified to utilize vibration to advantage of honeycomb to increase 
evlinders representing in either of the following ways: as the mix became harsher. 
nonvibrated concrete of 1. By providing for adjustment of proportions Uniformity as measured by 
the same consistency. to give a slump of approximately 1 inch with the variation in slab strength 

Further evidence of the same net water-cement ratio as is used in was about the same for all 
undesirability of placing 


, standard construction. 
l-inch slump concrete by 


conditions in this group. 


By providing for adjustment of proportions _ Corresponding values 
the usual methods of to give the same cement content as is used in for the 10-inch slabs are 
finishing is afforded by standard construction but with the slump speci- shown in the second block 
the following comparison. fied at 1 inch instead of 2% inches. of figure 6. In this case 
The average percentage of In either case the specification should be all of the harsher mixes 
Variation in slab strength worded so as to permit the engineer to vary the when vibrated showed 
shown in figure 6 indicates relative proportions of fine and coarse aggregate higher strengths both in 
the average uniformity to produce the best results, depending upon the flexure and compression 
of the concrete within type and grading of the aggregates used and than the base mix, al- 
a given test section. the type of finishing equipment employed. though the flexural 
Uniiormity may also be , 





studied by comparing the 


strength decreased as the 








average variation from the : 
average flexural strength for the 22 sections of 7-inch 
con rete containing the base mix with similar varia- 


tion. for the corresponding 22 sections containing the | 


l-i: 1 slump concrete, both nonvibrated and vibrated. 
Alt) ough these sections were laid on different days, they 
wer laid in such a w ay as to eliminate the effect on 


the. comparisons of variations in curing conditions. 
average percentage of variation in flexural 
th for the 22 sections containing 2%-inch slump 
col ote was 2.9 percent, compared with 4.4 percent 
lor corresponding 22 sections containing the 1-inch 
slur conerete and 2.6 for the 22 vibrated sections of 
1-1 slump concrete. These values are not shown in 


sti 


the sures or in table 4, but were obtained from data 
Int le 6 for the sections represented in figure 6. It 
isi resting to note that the average day-to-day varia- 
Hon flexural strength of the base mix (2.9 percent) 
Was out the same as the average don (3.2 per- 
tent on the strength of the five slabs composing a given | 
sect This would indicate that variations in curing 
— her conditions incidental to the average job do 
10t « 


ise greater variations in the strength of sections 


percentage of coarse aggre- 
gate was increased. The 
uniformity of the harsher mixes as measured by honey- 
comb also compared favorably with the standard, 
although a decrease in uniformity was found as the 
amount of coarse aggregate was increased beyond a 
certain point. Uniformity as indicated by variations 
in slab strength was somewhat less than for the cor- 
responding 7-inch sections. 

It should be noted that in both the 7-inch and the 
10-inch slabs the leanest and harshest mixes gave as 
high strengths as the base mix even though the « cement 
factor averaged three-fourths of a sack per cubic yard 
less. The slump averaged slightly more than 1 inch 
and the water-cement ratio and sand-cement ratio 
were the same as for the base mix, that is 0.76 and 2.46, 
respectively. 

Mixes having a constant water-cement ratio and in 
which both fine and coarse aggregate were increased 
are discussed next. Results are shown for the 7-inch 
slabs in the third block in figure 6. The results do not 
differ materially from those for the group in which onl 
the amount of coarse aggregate was varied, although 
there tended to be a slightly greater reduction in 
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strength as the quantity of aggregate was increased. 
The percentage of honeycomb was substantially in- 
creased for the sections made of concrete having less 
than 1-inch slump, indicating that this slump is about 
the lowest that should be used with the type of equip- 
ment employed in these tests. This holds true even 
where the cement content was maintained constant, as 
will be noted by referring to the fifth and seventh panels 
in the fourth group, where the slump was also less than 
1 inch. 


AVERAGI 


It will be noted that the harshest mix in group 3 con- | 


tained somewhat less cement and had less slump than 
the corresponding sections in groups 1 and This 
resulted from the increased sand content. The results 
seem to indicate that for concrete vibrated with equip- 


ment of the type used in these tests the slump should | 


not be less than 1 
should not be reduced by more than three-fourths sack 
per cubic yard. The results also show that nothing is 
gained either in strength or uniformity by increasing 
the sand content. 

Mixes having a constant cement factor and in which 
the ratio of fine to coarse aggregate was varied are dis- 
cussed next. It will be observed that the strengths of 
all the vibrated sections were greater than that of the 
base mix. This applies to both flexure and compres- 
sion. The flexural strength remained virtually the 
same but the crushing strength increased in the two 
cases where the slump was reduced to 0.8 inch by 
lowering the water-cement ratios to 0.64 and 0.63, the 
lowest average values used in the test. It would appear 


from these data that the flexural strength of concrete is 


inch and that the cement factor | 


FINISHED BY STANDARD OPER 
FOR SECTIONS FINISHED With MacHINEs A anp B 


AND UNIFORMITY OF CONCRETE 


not affected appreciably by varying the ratio of fine to 
aggregate within the limits used in these tests. 
However, the tendency to honeycomb is increased by 
drying the mix to less than 1-inch slump. 

The comparatively high crushing strengths of the 
sections containing the 0.8-inch slump concrete is 
explained by the fact that the cores were drilled from 
nonhoneycombed areas. Under ‘hese conditions the 
strengths paralleled the reduction in water-cement 
ratio. These data illustrate the danger of drawing 
conclusions regarding the quality of paving concrete 
solely from the results of core tests. 


course 


VIBRATED CONCRETE HAD SLIGHTLY GREATER SPECIFIC GRAVIT! 
AND LESS ABSORPTION 


In figure 7 the data shown in figure 6 have been 
plotted to indicate the effect of the type of course 
aggregate on the results. Except for group 4, each 
point represents just half the number of sections shown 
in the corresponding panels of figure 6. Comparing 
relative crushing strengths first, it will be observed 
that, except for the 10-inch slabs, there was no «on- 
sistent difference that may be attributed to the coarse 
aggregate. For the 10-inch slabs, three of the vibrated 
crushed-stone sections had higher relative strengths 
than the corresponding gravel ‘sections. There |ike- 
wise appeared to be no consistent difference in relative 
flexural strength of 7-inch sections. This does not 


bear out the conclusion drawn as the result o! the 
work in 1931, where a considerably greater rel. tiv 
increase in flexural strength under vibration was indi- 
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rlION OF VIBRATORS, SERIES B. 


cated when crushed stone used the 


aggregate. 
In the matter of 
between the 


was as coarse 


uniformity there is also litt'e to 
eravel and crushed-stone 


choose uggre- 


gates. The greatest difference was in the percentage 
of honeyeomb in the group of 10-inch sections. Here, 
for some reason, the gravel concrete showed more 


honeycomb, especially in the sections having 1-inch 
slump, nonvibrated concrete. However, it should be 
noted that the average slump of the gravel concrete 
In these sections was somewhat less than that of the 
corresponding crushed-stone concrete group 2, 
pane! 7 


see 
, in fig. 7). 


Results obtained using machines A and B are com- 


pared in figure 8. Considering only crushing strength, 
there appeared to be no consistent difference in the 
effectiveness of the two types of vibrating equipment 
excep! in group 4, which showed a slight advantage in 
lavor of machine A. On the other hand, the flexural 
stren results indicated, in two of the four groups, a 
consistent advantage in favor of machine B. In group 
| there was virtually no difference, while in group 3 
there \ as a slight trend in favor of machine B. On the 
Whole, machine B seemed to give slightly better re- 
sults as far as increase in flexural strength is concerned. 
From he standyoint of variation in slab strength (uni- 
formit) the tendency is in the other direction. 


ere also seemed to be a slight tendency for less 
honeycomb in concrete finished by machine Bb, except 
in the 10-inch slabs, where the trend was reversed. 
lere avain, the difference may result from the slightly 
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lower average slump for the concrete finished with 
machine B. 

In studying figure S it should be borne in mind that 
the values indicate, for each type of equipment, the 
relative strength obtained when the concrete was vi- 
brated compared with the strength of the concrete 
finished by the machine operating without 
vibration. Differences in quality resulting from varia- 
tions in the design or operation of the two machines 
other than the vibrating equipment are not shown. 
Such comparisons can be made by comparing the 
average strengths obtained on the base concrete by the 
two machines. These comparisons, however, are of 
doubtful value because of the possible effect of varia- 
tion in curing and other conditions resulting from the 
fact that the two machines were always used on differ- 
ent days 

The average values for bulk specific gravity and 
absorption of 6-inch concrete cores drilled from sections 
in series B are shown in figure 9. The same grouping 
is used as in figures 6 to 8, inclusive. These values 
reflect in a general way variations in density of the 
concrete, as revealed by tests on portions of the slabs 
free from honeycomb. They bear no relation neces- 
sarily to the average density of the slabs as a whole, or 
to the density of any portion in which honeycombed 
areas may be included. The differences shown are not 
of great magnitude in any case, although there seems 
to be a slight tendency for vibrated sections to have 
increased specific gravity and lower absorption. It 


same 


| will also be observed that, in general, density increases 
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AFTER SeEconND Batcn Has 
BEEN DepositrepD But Nor Spreap. Upper, CONCRETE 
DeposireD BY MiIxeR DiscHarGE Bucket BY METHOD 
UsEp IN Series A; Lower, CONCRETE DEPOSITED BY METHOD 
UseEp IN Series B anp C. 


Test SEcTIONS 


APPEARANCE OF 


as the proportion of coarse aggregate in the concrete 
increases. 

As was indicated in the previous report, it is probable 
that the harsher concretes, when freshly mixed, con- 
tained more air voids than the base mix. The fact 
that the final densities of these harsh mixtures, as 
revealed by bulk specific gravity tests on the cores, 
tended to arrange themselves in about the same order 
as the theoretical densities (ratio of the sum of the 
absolute volume of solids to volume of concrete) 
indicates that the increased densities corresponding to 
the changes in composition were actually being ob- 
tained as the result of the method of compaction “used. 


WIDE VARIATION IN STRENGTH AND HONEYCOMBING ACROSS 


SECTION REMEDIED BY VIBRATING 


It is evident that one of the benefits derived from the 
use of vibration in these tests was improvement in the 
uniformity of the 1-inch slump concrete, obtained by 
reducing the amount of honeycomb in the slabs. The 
general relation between honeycomb and slump is 
shown in figure 10. It will be observed that the tend- 
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CONSTANT CEMENT FACTOR 

7-INCH SLABS 
TO COARSE AGGREGATE VARIED 
NT AVERAGE OF 10 SECTIONS 


= AN ATE ~ ~ ~~ ARATE 


GRAVITY OF 
AND GRAVEL 
ARE THE SAME AS IN FIGURE 6. 
ency 


increased rapidly for a slump of about 1 inch, 
honeycomb to 5 percent. On the other hand, 
degree of uniformity 
concrete at about l-inch slump. 
Reference to figures 2 to 5, inclusive, 


which show 


the distribution of honeycomb on the bottom of sec- 
honeycombing 


tions, illustrates the extent to which 
Was concentrated in the outer slabs (numbers 1 and 5 
of the test sections. 

It will be recalled that in this series the concrete 1 
the two outside slabs was distributed by hand shoveling 
from the mass as deposited by the mixer discharg 
bucket. This method of distributing the concret 
along the forms and in the corners formed by joints 
etc., 1s practiced to a certain extent on all paving 
jobs, although efforts are made on well-conducted jobs 
to eliminate as much of this hand work as _ possibli 
Figure 3 illustrates the excessive amount of honey- 
combing that is apt to form in concrete that is shovele 
into place and then finished in the ordinary way. Ap- 
parently the surface vibrators were effective in reduc: 


ing honeycombing because, as shown in figure 6, thi 
average honeycomb in the sections containing the 1-in¢! 
slump, vibrated concrete was less even than in th 


24-inch slump, standard-finished concrete and ver 
much less than in the 1-inch slump concrete finished ! 
the usual way. | 

The effect of the location of the test slab in the sec] 
tion on the strength and amount of honeycomb in t! 
concrete is shown in figure 11. The upper portion @ 
the chart gives for each of the five slabs the averag 
flexural strength of the three groups of twenty-tw 
7-inch sections shown in figure 6, in which the bas« pr 
portions were used. The lower portion of figu:e ! 
shows the corresponding percentages of honeyco:b! 
the slabs. Each point is the average of 22 indi idu 


values. This figure is of interest particularly in shov 
ing how the nonuniform distribution in slabs 0s 
and 5 in the 1-inch slump, standard-finished crete 


affected the strength. In both outer slabs the a. erag 


CONCRETE FINISHED BY STANDARD OPERATION 
AVERAGE FOR SECTIONS CONTAINING CRUSHED STONE 
READING From Lert To RiGurt, 


FINISHED 


of the standard-finished concrete to honeycomb 
and that 
a slump of about 2's inches was required to reduce the 
the same 
was obtained with the vibrated 





strength of the l-inch slump, standard-finishe: 0 
crete was less than the strength of the 2%-inch uml 
standard-finished concrete. The effect of vibrai on 
honeycomb is also brought out clearly. Note t! at t 
average percentage of honeycomb i in ‘the 22 no. _ sialt 





was reduced from 26 to 3 percent, and in the 2. n°. 


slabs from 31 to 4 percent. 
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i 7 percent. This is almost exactly the same as the aver- 
ee _ . . e - 
“a I age increase in strength of the corresponding 22 sets of 
“, I P f \ control beams and, as noted, probably represents the 
auc \ . . ‘ 
‘| normal increase in flexural strength to be expected for 
me these materials caused by a decrease in water content 
th of approximately % gallon per sack of cement. 
er EFFECTIVENESS OF THE VARIOUS TYPES OF VIBRATING EQUIPMENT 
od COMPARED 
ser. . As indicated earlier in the report, the first 42 sections, 
t] : “iline constituting series A, were constructed with a base mix 
n of cai: ~eaiaiidinic that appeared somewhat undersanded at the time of 
rag construction. For this reason it was deemed advisable 
a A TANDARD FINISH - 2=5-INCH SLUMP : . “ a te ° 
-tw ; ‘ hig: to repeat in series B that portion of series A involving 
TANDAR FINISH - | -iINCH SLUMS ; ‘ ae oe 
yr i the standard operation of machine A. Chis makes 
p! +- VIBRATED FINISH - I -INCH SLUMF : : > ° ° 
o lima possible comparison of the results obtained with 
b — on BETWEEN we OTRENGTH “ene Honsr- machine A in the two series. Data for comparable 
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idu SEI B; AVERAGE FoR Macuines A AND B; Stone anp | 5©CUlOnS are she on a fig ire | Chey involve only 
how GRAVE! groups of sections in which the proportions of the base 
os mix were varied by increasing the amount of coarse 
creté ; Als’ note that in the case of slab no. 3 the nonvi- | aggregate. 
eragt rate’ l-inch slump concrete showed an average The two series show, in general, the same trends 
co ie about 50 pounds per square inch higher than | insofar as the effect of vibration is concerned. The 
lum! the b mix, 24-inch slump concrete. Slab no. 3, | unusually high crushing strengths of the vibrated 
ee being ’ r . : , wy at ¢ és » 
on 0 g \reetly under the bucket when dumped, is prob- | mixtures in series A, which contained increased quan- 
wh ably j ; ; . * . He 
it, th yu ‘he most favorable location as regards the effect | tities of crushed stone, and the relatively low flexural 


salt of con tency upon uniformity. Thisisindicated by the | strength of the 1-inch slump, standard-finished gravel 


a ‘ the average increase in strength of slab no. 3 re- | concrete, are the principal exceptions. It will be 
‘wting ‘rom the use of 1-inch slump concrete was about | observed that, in general, a somewhat greater uni- 
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STANDARD OPERATION OF VIBRATORS, AND Havinc CRUSHED 


Stone Onty. Data FoR Macuines A anv B ARE FROM 
Series B; Data For MaAcuINEs C ann D Are From SErtEs C. 
formity in strength was obtained in series B. This 


seems reasonable in view of the adjustment made in 
sand content. However, as shown in the third panel 
of each block, vibration was about as effective in 
reducing honeycomb in the base tix in series A as in 
series B. With increasing quantities of crushed stone 
the amount of honeycomb increased at a somewhat 
greater rate in series A. The high percentage of 
honeycomb, high average variation, and low strength 
of the harshest crushed-stone mix indicates that the 
maximum safe value of 6/b) for vibrated crushed-stone 
concrete had been exceeded in series A. 

In addition to the tests that have been discussed, a 
few sections were constructed on which the operation of 
the vibrating equipment was modified to a certain 
extent. For tests with machine A the modification 
consisted of operating the finishing machine with only 
the front screed vibrating. This method was used on 
four sets of sections—two in series A and two in series 
B. In the case of machine B the vibrating procedure 
was changed by vibrating during the forward movement 
of the machine only. Certain data from these tests 
have been grouped in table 8. 
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Referring first to the results obtained with only the | 
front screed of machine A vibrating, and comparing 
the strength results obtained by vibrating the standard ( 
proportion, 1l-inch slump concrete with the standard- ( 


finished base mix, a slight improvement was noted in 


two groups of sections only. However, the average 
percentage of honeycomb was reduced in three of the 
four groups. The results, in general, indicate that the ( 
modified operation was not as efficient as when both ( 
screeds were vibrating. ( 

On five groups of sections the operation of machine 
B was modified so as to omit vibration during the 1 


backward movement of the machine. These results t 
are also shown in table 8. In most cases they indicate 

a slight improvement in the vibrated concrete, but in 
general the improvement was not as great as Was 
obtained when the vibrating pan was operated during 
both the forward and backward movement of the 
machine. Here also vibration seemed to have been 
generally effective in reducing the amount of honey- 
comb in the slabs. 


TABI E 38. Res ilis of special O pe ation of machines A and ! 
concrete of base proportions only 
MIACHINE A FRONT SCREED ONLY VIBRATING, 2 PASSES 
Consist Average average Average 
2 nal “ modulus crushing hor 
nd ency F = ss } 10ne 
slum] 0 rupture re col 
labs) ( 
Lh. pe 
] 8 Pe 
: 0 6S 820 
g-S OSS 8. 050 
-\ 711 &. 450 
13-s 2.4 063 7, 360 
l4-S 1.1 655 130 
\ 0 “4 54 
2 s 24 HsZ S20 
2 s 0 Hi5s &, OOO 
« \ 1.0 r( sO) 
2 S 2.4 ( 436 
Z ~ a] ‘ si) 
2 \ ( s 5% 
MACHINE B PAN VIBRATING FORWARD ONLY 
71-S 2 ¢ 674 6. 68 
72 “ - 
73 2 HOS 7. ot 
77 2 03 80 
78 2 Hus st) 
7Y 0 712 100 
SS +0 ite 40) 
S4 4 734 6. 730 
8 1.4 7, 449 
89 2.4 4 620 
10-S 1.4 817 HK 
91-\ 1.2 S12 6, 600 
151-S 2.9 SOS 6), 28 
3 1.1 R01 
\ 1.2 St ( 
Sections 89-91, 151-153, and 233-235 contained crushed stone; balance 


contained gravel 


The results obtained with crushed-stone concret 
using machines C and D, are shown in figure |! 
together with corresponding data for machines \ 5 
B. Each point is the average of two sections. Th! 


figure compares the four types of surface vibrat 
that were investigated. Comparing first the relat 












strength of the virbated concréte of the base prop0” 
tions (third panel), it will be observed that neithe 
machine C nor machine D gave as good results * 
machines A and B. This applies to both flexure # 
compression. Machine D, however, compares 1av"’ 
ably with the other type as regards the streng'h # 
uniformity of the harsher mixes. Machine C «ppe# 
to be the least efficient insofar as flexural str: gth B 
concerned. Machine C appears to be less eiiiclé 
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than the other types from the standpoint of eliminating 
honeycomb fiom the slabs. Machine D was quite 
effective in reducing honeycomb in the vibrated con- 
erete slabs. 

Referring to table 6, it will be noted that almost 
without exception the strengths of the control beams 
and control cylinders were lower than the strengths 
of the corresponding pavement slabs and pavement 
This parallels previous observations made in 
connection with similar work. An analysis of test data 
for the control specimens reveals a number of interest- 
ing relationships, among which may be noted the varia- 
tions in strength obtained on concrete of the same pro- 


cores. 
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portions and water content but placed on different days. 
or instance it will be recailed that the average varia- 
tion in flexural strength of the twenty-two 7-inch, 
standard-finished sections in series B that contained 
2):-inch slump concrete was 2.9 percent. The average 
variation for the corresponding 22 control beams was 
1.4 percent, indicating that control specimens tend to 
have wider variations in strength than are to be found 
in pavement slabs. 


The corresponding variations in values for crushing 


strength were 4.6 percent for the cores and 5.2 percent 
for the cylinders 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 


























Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D. C. As his office is not connected with the 
Department and as the Department does not sell publications, 
please send no remittance to the United States Department of 
Agriculture. 


ANNUAL REPORTS 


Report of the Chief of the Bureau of Public Roads, 1924. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1927. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1928. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1929. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1924. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 


DEPARTMENT BULLETINS 

No. 583D .. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25 cents. 

No. 1279D . . Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 


TECHNICAL BULLETINS 


No. 265T ... Electrical Equipment on Movable Bridges. 
35 cents. 


MISCELLANEOUS PUBLICATIONS 


No. 76MP .. The Results of Physical Tests of Road-Building 
Rock. 25 cents. 


Legislation and Rules and Regulations Relating to 
15 cents. 


Feder 


Highway Construction. 
No. | 


| The T 


10 cents. 


35 cents. 


... + Roadside Improvement. 
ition of Motor Vehicles in 1932. 


An Economic and Statistical Analysis of Highway-Construction 
Expenditures. 15 cents. 


Highway Bond Calculations. 10 cents. 








Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 


SEPARATE REPRINT FROM THE YEARBOOK 
No. 1036Y .. Road Work on Farm Outlets Needs Skill and 
Right Equipment. 
TRANSPORTATION SURVEY REPORTS 
Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 


Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 


Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 

Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 


Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 


UNIFORM VEHICLE CODE 


Act [.—Uniform Motor Vehicle Administration, Registra- 
tion, Certificate of Title, and Antitheft Act. 

Act I].—Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 

Act III.— Uniform Motor Vehicle Civil Liability Act. 

Act 1V.— Uniform Motor Vehicle Safety Responsibility Act. 

Act V.—Uniform Act Regulating Traffic on Highways. 


Model Traffic Ordinances. 








A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in Pustic Roaps, may be obtained upon 
request addressed to the U. S. Bureau of Public Roads, Willard 
Building, Washington, D. C. 
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